Department of Energy
Washington, DC 20585
March 4, 1999

Dear Interested Party:

The Final Environmental Impact Statement for the Production of Tritium in a Commercial Light
Water Reactor (CLWR EIS) (DOE/EIS-0288) has now been completed and a copy is enclosed.

The CLWR EIS evaluates the environmental impacts associated with producing tritium at one or
more of the following five CLWRs operated by the Tennessee Valley Authority (TVA):

(1) Watts Bar Nuclear Plant Unit 1 (Spring City, Tennessee); (2) Sequoyah Nuclear Plant Unit 1
(Soddy Daisy, Tennessee); (3) Sequoyah Nuclear Plant Unit 2 (Soddy Daisy, Tennessee);

(4) Bellefonte Nuclear Plant Unit 1 (Hollywood, Alabama); and (5) Bellefonte Nuclear Plant Unit
2 (Hollywood, Alabama). Specifically, this EIS analyzes the potential environmental impacts
associated with fabricating tritium-producing burnable absorber rods (TPBARs); transporting
nonirradiated TPBARs from the fabrication facility to the reactor sites; irradiating TPBARS in the
reactors; and transporting irradiated TPBARSs from the reactors to the proposed tritium extraction
facility at the Savannah River Site (SRS) in South Carolina.

The CLWR EIS follows the December 1995 Record of Decision (60 Federal Register [FR]
63878) for the Final Programmatic Environmental Impact Statement for Tritium Supply and
Recycling (DOE/EIS-0161). In a December 1995 Record of Decision (ROD), DOE decided to
pursue a dual-track approach on the two most promising tritium-supply alternatives: (1) to
initiate purchase of an existing commercial reactor (operating or partially complete) or irradiation
services with an option to purchase the reactor for conversion to a defense facility; and (2) to
desigrl, build, and test critical components of an accelerator system for tritium production (SRS
was selected as the location for an accelerator, should one be built). Under the dual-track
approach described in the ROD, the Department would, within 3 years, select one of these two
technologies as the primary source of tritium. The other technology, if feasible, would serve as a
backup. The Department also stated in the ROD that a tritium extraction facility was to be
constructed at SRS.

As a result of the PEIS and the ROD, DOE made a determination to prepare three site-specific
EISs: the Environmental Impact Statement for the Production of Tritium in a Commercial Light
Water Reactor (CLWR EIS) (DOE/EIS-0288), the Environmental Impact Statement:
Accelerator Production of Tritium at the Savannah River Site (APT EIS) (DOE/EIS-0270), and
the Environmental Impact Statement: Construction and Operation of a Tritium Extraction
Facility at the Savannah River Site (TEF EIS) (DOE/EIS-0271). If you are interested in
receiving a copy of the TEF and/or APT EISs, please contact Andrew R. Grainger, NEPA
Compliance Officer, Savannah River Operations Office, by calling 1-800-881-7292. Additional
copies of the CLWR EIS are also available by contacting Stephen M. Sohinki, Director,
Commercial Light Water Reactor Project Office, by calling 1-800-332-0801. The EISs will also
be available on the internet at: http://tis.eh.doe.gov/nepa/docs/docs.htm.

@ Printed with soy ink on recycled paper



Last December 22, U.S. Department of Energy Secretary Bill Richardson announced that
commercial light water reactors will be the primary tritium supply technology and that APT will
be the "backup" technology. Secretary Richardson designated TVA's Watts Bar and Sequoyah
reactors as the preferred facilities for tritium production and this preferred alternative is reflected
in the final CLWR EIS. DOE will continue with developmental activities and preliminary design,
but will not construct the accelerator.

A consolidated Record of Decision to formalize the December programmatic announcement and
complete project-specific decisions for the three final EISs will follow no sooner than 30 days
after publication of the Environmental Protection Agency's Notice of Availability in the Federal
Register. These decisions will include the selection of specific CLWRs to be used for tritium
supply, the location of a new tritium extraction capability at SRS, and limited technical and siting
decisions consistent with the backup role of the APT.

Thank you for your interest in the Department's Tritium Supply Program.

Stepheﬁ M. Sohinki, Director
Office of Commercial Light Water
Reactor Production

Sincerely,

Enclosure:
As stated
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Abstract: The U.S. Department of Energy (DOE) is responsible for providing the nation with nuclear weapons
and ensuring that these weapons remain safe and reliable. Tritium, a radioactive isotope of hydrogen, is an
essential component of every weapon in the current and projected U.S. nuclear weapons stockpile. Unlike
other materials utilized in nuclear weapons, tritium decays at a rate of 5.5 percent per year. Accordingly, as
long as the nation relies on a nuclear deterrent, the tritium in each nuclear weapon must be replenished
periodically. Currently the U.S. nuclear weapons complex does not have the capability to produce the amounts
of tritium that wil be required to continue supporting the nation's stockpile. Hihal Programmatic
Environmental Impact Statement for Tritium Supply and Recy@lingl Programmatic EIS), DOE/EIS-0161,

issued in October 1995, evaluated the alternatives for the siting, construction, and operation o@ifitiym s

and recycling facilities at five DOE sites for foufferent production technologies. This Programmatic EIS

also evaluated the impacts of using a commercial light water reactor (CLWR) without specifying a reactor
location. In the Record of Decision for the Final Programmatic EIS (60 FR 63878), issued
December 12, 1995, DOE decided to pursue a dual-track approach on the two most pratinisirsypply
alternatives: (1) to initiate purchase of an existing commercial reactor (operating or partially complete) or
reactor irradiation services; and (2) to design, build, andriisatcomponents of an accelerator system for
tritium production. At that time, DOE announced that the final decision would be made by the Secretary of
Energy at the end of 1998.



Final Environmental Impact Statement for the Production of Tritium in a Commercial Light Water Reactor

On December 22, 1998, Secretary of Energy Bill Richardson announced that the CLWR would be DOE'’s
primary option for tritium production, and the proposed linear accelerator at the Savannah River Site would
be the back-up option. The Secretary designated the Tennessee Valley Authority’s (TVA) Watts Bar and
Sequoyah Nuclear Plants as the Preferred Alternative for CLWR tritium production. The Secretary’'s
announcement that the CLWR would be the primary tritium supply technology reaffirms the 1995 Record of
Decision for the Final Programmatic EIS to construct and operate a new tritium extraction capability at the
Savannah River Site.

This Environmental Impact Statement for the Production of Tritium in a Commercial Light Water Reactor
(CLWR EIS) evaluates the environmental impacts associated with producing tritium at one or more of the
following five CLWRs: (1) Watts Bar Nuclear Plant Unit 1 (Spring City, Tennessee); (2) Sequoyah Nuclear
Plant Unit 1 (Soddy Daisy, Tennessee); (3) Sequoyah Nuclear Plant Unit 2 (Soddy Daisy, Tennessee);
(4) Bellefonte Nuclear Plant Unit 1 (Hollywood, Alabama); and (5) Bellefonte Nuclear Plant Unit 2
(Hollywood, Alabama). Specifically, this EIS analyzes the potential environmental impacts associated with
fabricating tritium-producing burnable absorber rods (TPBARS); transporting nonirradiated TPBARSs from the
fabrication facility to the reactor sites; irradiating TPBARSs in the reactors; and transporting irradiated TPBARS
from the reactors to the proposed tritium extraction facility at the Savannah River Site in South Carolina.

The public comment period on the CLWR Draft EIS extended from August 28 to October 27, 1998. During
the comment period, public hearings were held in North Augusta, South Carolina; Rainsville, Alabama; and
Evensville, Tennessee. An additional public meeting was held in Evensville, Tennessee, on
December 14, 1998. The CLWR Draft EIS was made available through mailings and requests to DOE’s
CLWR Office and at DOE’s Public Reading Rooms. In preparing the CLWR Final EIS, DOE considered
comments received via mail, fax, submission at public hearings, recorded telephone messages, and the Internet.
In addition, comments and concerns identified during discussions at the public hearings were recorded by a
court reporter and were transcribed for consideration by DOE.

The CLWR Final EIS contains revisions and new information in response to the comments on the CLWR
Draft EIS and technical details disclosed since the Draft EIS was issued. These revisions and new information
are indicated by a double underline for minor word changes or by a sidebar in the margin for sentence or larger
changes. Volume 2 (Comment Response Document) of the CLWR Final EIS contains the comments received
during the public review of the CLWR Draft EIS and DOE’s responses to these comments.

No sooner than 30 days after the notice of filing this EIS with the U.S. Environmental Protection Agency, DOE
expects to issue a Record of Decision.



PREFACE

The Final Programmatic Environmental Impact Statement for Tritium Supply and Recy€linagl
Programmatic EIS) (DOE/EIS-0161), which was completed in October 1995, assessed the potential
environmental impacts of technology and siting alternatives for the productigtiuaf for national security
purposes. On December 5, 1995, DOE issued a Record of Decision for the Final Programmatic EIS that
selected the two most promising alternative technologies for tritium production and established a dual-track
strategy that would, within 3 years, select one of those technologies to become the primary tritium supply
technology. The other technology, if feasible, would be developed as a backup tritium source. Under the dual-
track strategy, DOE would: (1) initiate the purchase of an existing commeiiédir (operating or partially
complete) or irradiation services with an option to purchase the reactor for conversion to a defense facility; and
(2) design, build, and test critical components of an accelerator system for tritium production. Under the Final
Programmatic EIS Record of Decision, any new facilities that might be required, i.e., an accelerator and/or a
tritium extraction fatity to support the commercial reactor alternative, would be constructed at DOE's
Savannah River Site in South Carolina.

The Final Programmatic EIS described a two-phase strategy for compliance with the National Environmental
Policy Act (NEPA). The first phase included completion of the Final Programmatic EIS and subsequent
Record of Decision. The second phase included the preparation of sifez$feEPA documents tiered from

the Final Programmatic EIS. These EISs address the environmental impactsfiof mogect proposals. As

a result of the Final Programmatic EIS and the Record of Decision, DOE determined to prepare three site-
specific EISs: th&nvironmental Impact Statement, Accelerator Production of Tritium at the Savannah River
Site (APT) (DOE/EIS-0270), thd&nvironmental Impact Statement for the Production of Tritium in a
Comercial Light Water ReactofCLWR) (DOE/EIS-0288), and th&nvironment Impact Statement,
Construction and Operation of a Tritium Extraction Facility at Savannah Rive(T&t€) (DOE/EIS-0271).

Each of these EISsgsents an analysis of alternatives which do not affect the alternatives in the other EISs,
with one exception. This exception is one alternative in the TEF EIS which would require the use of space in
the APT. For this alternative to be viable, the APT would have to be selected as the primary source of tritium.

On December 22, 1998, Secretary of Energy Bill Richardson announced that commercial ligleacttes r

(CLWR) will be the primary tritium supply technology. The Secretary designated the Watts Bar Unit 1 reactor
near Spring City, Tennessee, and the Sequoyah Units 1 and 2 reactors near Soddy-Daisy, Tennessee, as the
preferred commercial light water reactors for tritium production. These reactors are operated by the Tennessee
Valley Authority (TVA), an independent government agency. The Secretary designated the APT as the
“backup” technology for tritium supply. As a backup, DOE will continue with developmental activities and
preliminary design, but will not construct the accelerator. Finally, selection of the CLWR reaffirms the
December 1995 Final Programmatic EIS Record of Decision to construct and operate a new tritium extraction
capability at the Savannah River Site.

DOE has completed the final EISs for the APT, CLWR, and TEF. No sooner than 30 days after publication
in theFederal Registeof the Environmental Protection Agency’'s Notice of Availability of the final EISs for

APT, CLWR, and TEF, DOE intends to issue a consolidated Record of Decision to: (1) formalize the
programmatic announcement made on December 22, 1998; and (2) announce project-specific decisions for
the three EISs. These decisions will include, for the selected CLWR technology, the selection of specific
CLWRs to be used for tritium supply and the location of a new tritium extraction capability at the Savannah
River Site. For the backup APT technology, technical and siting decisions consistent with its backup role will
be made.
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SUMMARY

S.1 INTRODUCTION AND BACKGROUND

S.1.1 General

The U.S. Department of Energy (DOE) is responsible igr _ .
idi i i i What is Tritium?
providing the nation with nuclear weapons and ensuring thise
weapons remain safe and reliable. Tritium, a radioactfge -
isotope of hydrogen, is an essential component of every we o@é‘é‘j‘rrg 'rsla?urri‘ﬂ';a‘iﬁ“‘;ﬁ;S‘;tr?\s’ifo‘r)]‘;nheyrﬂmige';rg]al‘lt
. . q
in the current and prOJectgd uU.S. nuclear weapons stock_ TS, | T s BEEETEE
Unlike other nuclear materials used in nuclear weapons, tritifiMpbtain useful quantities. Tritium is not a fissile
decays at a rate of 5.5 percent per year. Accordingly, as lonfll asaterial and cannot be used by itself to constrct
the nation relies on a nuclear deterrent, the tritium in edihg nuclear weapon. It is, h@wer, an essentia

nuclear weapon must be replenished periodically. ERMMEREN ©VER TEMUSIE 11 e EUrE £ g
projected nuclear weapons stockpile. These

warheads depend on tritum to perform fs
At present, the U.S. nuclear weapons complex does not hav@ith@signed. Tritium decays about 5.5 percent pe

capability to produce the amounts of tritium that will year; therefore, it requires periodic replacement.
required to support the nation’s current and future stockp
Pursuant to the National Environmental Policy Act (NEPA) of

1969, as amended (42 U.S.C. 482%eq) and the DOE regulations implementing NEPA (10 CFR 1021), this
Environmental Impact Statement for the Production of Tritium in a Commercial Light Water REAMR

EIS) analyzes the potential conseqeesnto the environment associated with the production of tritium using
one or more Commercial Light Water Reactors (CLWRS).

—t

Concurrent with the preparation of this EIS, DOE evaluated the feasibility of various CLWR alternatives
through its standard procurement process (see Sectiol. SThi4 EIS evaluates the environmental impacts
associated with tritium production for all Tezgsee Valley Authority (TVA) reactor plants that were offered

by TVA during the procurement process. DOE is considering only the purchase of irradiation services, not
the purchase of a reactor. Purchase of a reactor is no longer considered because, based on the proposals
offered during the procurement process, no reactors were offered for sale.

S.1.2 Proposed Action and Scope

DOE proposes to use one or more CLWRs to provide tritium in sufficient quantities to support the nation’s
nuclear weapons stockpile requirements for at least the next 40 years. The proposed action includes: the
manufacture of tritium-producing burnable absorber rods (TPBARS) at a commercial facility; irradiation of
the TPBARs at one or more of five operating or partially constructed TVA nuclear reactors; the possible
completion of TVA’s nuclear reactors; transportation of nonirradiated and irradiated materials; and the
management of spent nuclear fuel and low-level radioactive waste.

As depicted inFigure S-1, this EIS analyzes the potential environmental impacts associated with:
(1) fabricating TPBARS; (2) transporting nonirradiated TPBARSs from the fabrication facility to the reactor
sites; (3) irradiating TPBARSs in the reactors; and, (4) transporting irradiated TPBARSs from the reactors to the
proposed Tritium Extraction Facility at the Savannah River Site in South Carolina. This EIS further analyzes
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Summary

the potential environmental impacts associated with both the management of spent nuclearthesl and
transportation and management of low-level radioactive waste generated from CLWR tritium production.

In addition, this EIS evaluates the environmental impacts of the No Action Alternative. Under the No Action
Alternative, the stockpile requirements for tritium would have to be met by the construction and operation of
an accelerator at DOE’s Savannah River Site in South Carolina (see Section S.1.6.2.1). For the purpose of
this EIS a No Action Alternative (i.e., no tritium production at that CLWR) has been evaluated for each
candidate reactor facility.

S.1.3 Development of the CLWR EIS What is a CLWR?

The CLWR EIS is a tiered document that follows tig A CLWR is a nuclear reactor designed ard
December 1995 Record of Decision (60 Federal Regigjefonstructed to produce electric power fpr

63878) for theFinal Programmatic Environmental Impacf commercial use. Tritium can be produced during
normal operation of a CLWR. The process uges

Statement for Tritium Supply and Recycllmﬁlnal TPBARSs which, like the bonable absorber rods tha

considered a range of reasonable alternatives for obtairfin@ontrol the power in a reactor. Pressurized water
the required quantities of tritium. In the December 19§ reactors are well suited for the production of tritium
Record of Decision, DOE decided to pursue a dual-trggkbecause the TPBARs can be inserted intodméuel
approach on the two most promising trittum-supp positions of the fuel assemblies. Tritium is generdted
alternatives: (1) to initiate purchase of an existiffy Within the TPBARS as they are irradiated durihg
. . . normal reactor operatlon.
commercial reactor (operating or partially complete)
irradiation services with an option to purchase the reactor
conversion to a defense facility; and (2) to design, build, and
test critical components of an accelerator system for tritium production (the Savannah River Site was selected
as the location for an accelerator, should one be built).

DOE committed to selection ohe of these approaches by the end of 1998 to serve as the primary source of
tritium. The other alternative, i&sible, would continue to be developed as a backup tritium source.
Production of tritium in an accelerator is analyzed inDraft Environmental Impact Statement, Accelerator
Production of Tritium at the Savannah River AT Draft EIS), DOE/EIS-0270 (see Section S.1.6.2.1).

On December 22, 1998, U.S. Department of Energy Secretary Bill Richardson announced that tritium
production in one or more CLWRs would be the primary tritium supply technology and that the accelerator
would be developed, but not constructed, as a backup to CLWR tritium production. Secretary Richardson
further stated that the Watts Bar and Sequoyah reactors have been designated as the Preferred Alternative for
CLWR tritium production. The Secretary’s announcement that the CLWR would be the prithary

supply technology reaffirms the 1995 Record of Decision for the Final Programmatic EIS to construct and
operate a new tritium extraction capability at the Savannah River Site.

S.1.4 The CLWR Procurement Process

The production of tritium in a CLWR would require a cortfiateragencyagreement between DOE and the
owner/operator of the CLWR. Accordingly, on June 3, 1997, DOE issued in final form a Request for
Proposals from owners/operators for irradiation services or sale of a CLWR. In September 1997, DOE
received proposals for producing tritium using operating or partially completed reactors. The proposals for
the Watts Bar and Bellefonte Nuclear Plants received from TVA were the only proposals determined to be
responsive to the requirements of the procurement request. Under Federal Procurement Law, a proposal is
“responsive” if it meets the criteria set forth in the agency’'s Request for Proposals. In addition to the
responsive bids discussed in this EIS, DOE received one nonresponsive bid. That bid did not offer to produce
tritium. TVA initially offered Watts Bar Nuclear Plant Unit 1 (Watts Bar 1) and Bellefonte Nuclear Plant
Unit 1 (Bellefonte 1). Since Bellefonte 1 was a partially completed unit, in the event that it could not be
completed and licensed in time to support DOE’s requirements for tritium production, TVA, through the
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procurement process, offered to make Sequoyah Nuclear Plant Units 1 and 2 (Sequoyah 1 and 2) available to
meet the need for tritium. In addition, Bellefonte Nuclear Plant Unit 2 (Bellefonte 2) was considered a
reasonable alternative. These reactors, the location of which are shHegurenS—2 are owned by the U.S.
Government and operated by TVA. They are as follows:

Watts Bar Nuclear Plant Unit 1 (Watts Bar 1), Spring City, Tennessee (operating)
Sequoyah Nuclear Plant Unit 1 (Sequoyah 1), Soddy-Daisy, Tennessee (operating)
Sequoyah Nuclear Plant Unit 2 (Sequoyah 2), Soddy-Daisy, Tennessee (operating)
Bellefonte Nuclear Plant Unit 1 (Bellefonte 1), Hollywood, Alabama (partially complete)
Bellefonte Nuclear Plant Unit 2 (Bellefonte 2), Hollywood, Alabama (partially complete)

Because both TVA and DOE are Federal agencies, an interagency agreement between theneechledbe r

via the Economy Act (31 U.S.C. 1535). The Economy Act is a Federal law that allowysvyemment

agencies to enter into an interagency agreement similar to the contractual agreement that a Federal agency
would enter with a nonfederal party through the competitive procurement process. The Federal procurement
process for the CLWR program explicitly allows for an interagency agreement via the Economy Act.

Subsequent to the initial TVA proposals, in May 1998 TVA allowed its initial procurement proposal for selling
irradiation services at the Sequoyah and Watts &ators to expire. However, because the TVA proposals

are also subject to the Economy Act, this action did not affect the TVA reactor alternatives. Thus, the CLWR
Draft EIS assessed all five of the TVA reactors as reasonable alternatives for tritium production. In November
1998, Energy Secretary Richardson asked TVA to submit a revised proposal for irradiation services at the
Watts Bar and Sequoyah reactors, as well as final proposals for completion of Bellefonte, so that he would
have a comprehensive set of options on which to base the technology decision. In December 1998, TVA
submitted revised proposals for both the Watts Bar and Sequegalons, as well as Bellefonte.
Consequently, all of the alternatives that were evaluated in the CLWR Draft EIS remain as reasonable
alternatives in the CLWR Final EIS.

DOE may enter into an interagency agreement with TVA, contingent on completion of the NEPA process, for
production of tritium required to support the nuclear weapons stockpile. Only those actions that are
determined not to have an adverse effect and not to limit the choice of reasonable alternatives would be
permitted prior to the completion of the NEPA process. However, before completion of the CLWR EIS and
its associated Record of Decision, DOE and TVA will have taken and will continue to take appropriate actions
(e.g., studies, analyses) related to the potential submission of licensing documents to the U.S. Nuclear
Regulatory Commission (NRC). The NRC must approve the use of TPBARSs in licensed reactors.

S.1.5 Background
S.1.5.1 Defense Programs Mission

Since the inception of the nuclear weapons program in the 1940s, DOE and its predecessor agencies have been
responsible for designing, manufacturing, maintaining, and retiring the nuclear weapons in the nation’s
stockpile. In response to the end of the Cold War and changes in the world political regime, the emphasis of
the United States’ nuclear weapons program has shifted dramatically over the past few years from producing
weapons to dismantling weapons. Accordingly, the nuclear weapons stockpile is being greatly reduced; the
United States is no longer producing new-design nuclear weapons; and DOE has closed or consolidated many
former weapons production facilities.
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Tritium Use in a Nuclear Weapon

The figure below presents a simplified diagram of a modern nuclear weapon. An actual U.S. nuclear weapon is mu
complicated, consisting of many thousands of parts.

The nuclear weapon primary is composed of a central core called a pit, which is usually made of plutonium-239 ang
highly enriched uranium. This is surrounded by a layer of high explosive, which, when detonated, compresses the
initiating a nuclear reaction. This reaction is generally thought of as the nuclear fission “trigger” which activates the
secondary assembly component to produce a thermonuclear hydrogen fusion reaction. The remaining nonnuclear
components consist e¥erything from armingnd firing systems, to batteries and parachutes. The assembly of these
components into a weapon or the dismantlement of an existing weapon are done at the weapons assembly/disasseg
facility.

Tritium is not a fissile material and cannot be used by itself to construct a nuclear weapoaveldvitium is a key

component of all nuclear weapons presently in the nation’s nuclear weapons arsenal. Tritium enables weapons to
larger yield while reducing the overall size and weight of the warhead. This process is called “boosting.” Boosting i
accomplished by injecting a mixture of tritium gas and deuterium gas, a naturally occurring, nonradioactive hydroge
isotope, into the pit. The deuterium and tritium are stored in reservoirs (which is depicted as the “gas transfer syste
the figure) until the gas transfer system is initiated. The implosion of the pit along with the onset of the fissioniag pr
heats the deuterium-tritium mixture to the point that the atoms undergo fusion. The fusion reaction releases large q

ch more

/or
Dit

mbly

broduce a
5
h
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of very high energy neutrons which flow through the compressed pit material and produce additional fission reactiofps. Such

boosting has allowed for theedelopment ofbiday’s sophisticated delivery systems. Héefunction of tritium is tordnance
the fission yield of a nuclear weapon.

Diagram of a Modern Nuclear Weapon

Permissive Action Link Explosive
Coded Control Actuators

Nuclear Explosive
Package

Gas Transfer

Radar

Contact

Parachute
Neutron

Generators

Safing
Components
Arming and Subcritical Superecritical
Firing Mass Mass
Aerodynamic  Battery Chemical
Structure Em)bs@ &
The diagram is a symbolic representation of the design elements of a Before Firing Implosion

nuclear weapon. None of the symbols represent actual designs.
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Additionally, in 1991 President Bush declared a moratorium on underground nuclear testing, and in 1995
President Clinton decided to pursue a zero-yield Comprehensive Test Ban Treaty. Despite these significant
changes, DOE’s responsibilities for the nuclear weapons stockpile continue, and the President and Congress
have directed DOE to continue to maintain the safety and reliability of the nuclear weapons stockpile and to
provide the tritium necessary to satisfy national security requirements. As explained in Section S.2, the United
States will need a new tritium production source_by approximas.

In the absence of new weapons designs and the total redesign of all warheads and delivery systems, the nation
requires a reliable source of tritium to maintain a nuclear deterrent. Furthermore, total redesign of all warheads
would require nuclear testing, which would be contrary to the President’s pursuit of a Comprehensive Test Ban
Treaty.

S.1.5.2 Brief History of the Production of Tritium

Tritium is so rare in nature that useful gtites must be manufactured. DOE has constructed and operated
over a dozen nuclear reactors for the production of nuclear materials at the Savannah River Site, South
Carolina, and the Hanford Site, Washington, starting with the early part of the Manhattan Project during World
War Il. None of these reactors is currently operational. The last one, the K-Reactor at the Savannah River
Site, was shut down in 1988 for major environmental, safety, and health upgrades to comply with today’'s
stringent standards. DOE discontinued the é&®or Restart Program in 1993 when smaller stockpile
requirements delayed the need for tritium. As explained ifitied Programmatic Environmental Impact
Statement for Tritium Supply and Recyclitige K-Reactor is not a reasonable alternative for tritium
production.

In recent years, international arms control agreements have caused the nuclear weapons stockpile to be reduced
in size. Reducing the stockpile has allowed DOE to recycle the tritium removed from dismantled weapons for
use in supporting the remaining stockpile. However, due to the decay of tritium, the current inventory of
tritium will not meet national security requirements past approximately 2005. Therefore, the most recent
Presidential direction, contained in the 1996 Nuclear Weapons Stockpile Plan and an accompanying
Presidential Decision Directive, mandates that new tritium be available by approximately 2005.

S.1.5.3 Production of Tritium in a CLWR

The production of tritium in a CLWR is technically straightforward and requires no elaborate, complex
engineering development and testing program. All the nation’s supply of tritium, as mentioned previously,
has been produced in reactors. Most existing commercial pressurizedeaaters utilize 12-foot-long rods
containing an isotope of boron (boron-10) in ceramic form. These rods are sometimes called burnable absorber
rods. The rods are inserted in the reactor fuel assemblies to absesb rgutrons produced by the uranium

fuel in the fission process for the purpose of controlling power in the core at the beginning of an operating
cycle. DOE's tritium program has developed another type of burnable absorber rod in which neutrons are
absorbed by a lithium aluminate ceramic rather than boron ceramic. THR@&RJ Rould be placed in the

same locations in the reactor core as the standard burnable absorber rods. There is no fissile material (uranium
or plutonium) in the TPBARS.

While the two types of rods function in a very similar manner to absorb excess neutrons in the reactor core,
there is one notable difference: when neutrons strike the lithium aluminate ceramic material in a TPBAR,
tritium is produced. Thigitium is captured almost instantaneously in a solid zirconium material in the rod,
called a “getter.” The solid material that captures the tritium as it is produced in the rod is so effective that the

rod will have to be heated in a vacuum at much higher temperatures than normally occur in the operation of
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a light water reactao extracthe tritium for eventual use in the nuclear weapons stockpile. Depending upon
tritium needs, as many as 3,400 TPBARs could be placed in a CLWR for irradiation.

S.1.5.4 Nonproliferation

Nuclear proliferation refers to the spread of nuclear weapons to nonnuclear weapons states. In an effort to limit
nuclear proliferation, the United States, along with other signatories to the Nuclear Nonproliferation Treaty,
has sought to preclude nonnuclear-weapons states from acquiring fissile materials (highly enriched uranium
or plutonium) for weapons or explosive use. Under the terms of the Nuclear Nonproliferation Treaty, the
United States is a weapons state and, as such, is allowed to conduct nuclear weapons activities. The production
of tritium is one such activity. Accordingly, the use of a CLWR for the productidnitioim is not
inconsistent with the terms of the Nuclear Nonproliferation Treaty.

Along with other weapons-state signatories to the Nuclear Nonproliferation Treaty, the United States, under
Article VI, undertakes to pursue negotiations or nuclear disarmament. Production of tritium in a CLWR in
no way conflicts with these commitments. Since the end of the Cold War, the United Statesfiamtign
reduced the size of its nuclear weapons stockpile. At the present time, the United States is further downsizing
the nuclear weapons stockpile consistent with the terms of the Strategic Arms Reduction Treaty (START) |
Treaty. The United States has ratified the START Il Treaty and is hopeful Russia also will ratify this treaty
soon. Additionally, the United States has ceased production of fissile materials and the manufacture of new-
design nuclear weapons and has closed several weapons production facilities.

Negotiations required for further reductions in United States nuclear weapons and, ultimately, total nuclear
disarmament, will likely stretch well into the next century. United States production of tritium in a CLWR will
support the U.S. nuclear weapons stockpile during this process. Such support of a decreased nuclear weapons
stockpile is not inconsistent with the long-range goal of total nuclear disarmament.

The International Atomic Energy Agency (IAEA) is charged with detecting and deterring the spread of nuclear
weapons. The United States has offered its commercial power plants to be inspected by the IAEA as an act
of good faith and to encourage other nations to be equally open about their nuclear programs. Commercial
reactor tritium production would not change this commitment. The commeya@brs would remain open

for IAEA inspection whether they are producing tritium or not. Furthermore, the IAEA has indicated that
CLWR production of tritium would not alter the existing IAEA Safeguards Program.

In accordance with the direction provided in thecBl Year 1998 National Defense Authorization Act

(P.L. 105-85) conference report, DOE facilitated a high level interagency review of the policy issues associated
with the use of commercial reactors to make tritium for national security purposes. Participants in the
interagency review included the NRC, the U.S. Department of Defense, and the U.S. Department of State
Arms Control offices. This process was completed in July 1998 and is documentedtierdgency Review

of the Nonproliferation Implications of Alternative Tritium Production Technologies Under Consideration

by the Department of Energy, A Report to the Congréke report concluded that the nonproliferation policy
issues associated with the use of a CLWR are manageable and that DOE should continue to pastee the r
option as a viable source for future tritium production. This conclusion was based upon a number of
considerations including the following:
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1. The use of CLWRs for tritium production is not prohibited by law or international treaty.

2. Historically, there have been numerous exceptions to the practice of differentiating between U.S. civil and
military facilities, including the operation of the N-Reactor at Hanford, Washington, the dual use nature
of the U.S. enrichment program, the use of defense program plutonium production reactors to produce
radioisotopes for civilian purposes, and the sale of tritium produced in the defense reactors in the
U.S. commercial market.

3. Although the CLWR alternative raised initial concerns because of its implications for the policy of
maintaining separation between U.S. civil and military nuclear activities, these concerns could be
adequately addressed, given thdipalar circumstances involved. These circumstances include the fact
that the reactors would remain eligible for IAEA safeguards and the fact that, if TVA were the utility
selected for the tritium mission, the reactors usedtritarm production would be owned and operated by
the U.S. Government, making them roughly comparable to past instances of government-owned dual-
purpose nuclear facilities.

In addition to those examples referred to inltiteragency Review of the Nonproliferation Implications of
Alternative Tritium Production Technologies Under Consideration by the Department of Bhergyare

other instances in which military nuclear programs have been commingled with civilian programs. These
instances include: (1) Atomic Energy Commission purchase of plutonium separated from comeaetoial r
spent fuel for unrestricted use, including defense purposes; (2) fabrication of both military and commercial
reactor fuel by commercial reactor fuel fabricators; and (3) TVA generation of electricity for use in the
production of fissile military materials.

S.1.5.5 Background on the Tennessee Valley Authority

TVA was established by an Act of Congress in 1933 (16 U.S.C. 831-8a3duFederal corporation to
improve the navigability of and provide flood control for the Tennessee River; to provide reforestation and
ensure the proper use of marginal lands in the Tennessee Valley; to provide agricultural and industrial
development of the Tennessee Valley; to provide for the national defense; and for other purposes. Within a
few years of its establishment, TVA built a series of multipurpose dams on the Tennessee River system. One
of the purposes of these dams was productiobufi@dant, inexpensive electricity. The hydroelectric power
generated by these dams met most of the rapidly increasing needs of the region through the 1940s. By the
early 1950s, however, the growing demand was quickly outstripping the capacity of the dams and the Watts
Bar Fossil Fuel Plant, which began operation in 1942. During the next 20 years, TVA built 11 large, coal-
fired, electricity-generating plants to meet the region's growing needs. Some of these plants were the largest,
first-of-their-kind coal-fired units in the world. The 1960s brought even greater growth to the region. To meet
the anticipated need for more power, TVA began an ambitious program of nuclear plant construction.

Today TVA is one of the largest producers of gleity in the United States, generating 4 to 5 percent of all
electricity in the nation. TVA's power system serves almost 8 million people in a seven-state region
encompassing some 207,200 square kilometers (80,000 square miles). TVA's electricity is distributed to
homes and businesses through a network of 159 power distributors, including municipally titiescand

electric cooperatives. TVA also sells power directly to approximately 60 largeriatoastomers and
Federal facilities.

TVA's power system, which is self-financed, has a generating capacity of 28,000 megawatts-electric. Its
generating system consists of 11 coal-fired plants (53 percent of total generating capacity), 5 nuclear generating
units at three sites (20 percent), 29 hydroelectric dams (15 percent), 48 combustion turbine units at four sites
(7 percent), and one pumped-storage facility (5 percent). These plants are owned andpptrateds.
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Government. The TVA power system is linked by 25,750 kilometers (16,000 miles) of transmission lines that
carry power to 750 wholesale delivery points, as well as 57 interconnections with 13 neighboring utilities.

In December 1995, with the publicationEriergy Vision 2020, Integrated Resource Plan and Environmental
Impact StatemenT VA projected demands for electricity in the TVA power service area through the year 2020

and evaluated different ways of meeting these projected increases. Since the Integrated Resource Plan was
completed in 1995, TVA has continued to evaluate and select the best resource options based on the latest
proposals and TVA's forecast of power needs. The total system generating capacity has dresadingth

the successful completion of Watts Bar 1 and the return to service of Browns Ferry Nuclear Plant Unit 3. Both
units have operated above expectations and have proven to be very reliable.

Current projections show the demand for electricity (including reserves) will exceed TVA’s 1998 generating
capacity by about 5,200 megawatts-electric in 2005; this projection is slightly less than the 1998-2005 medium
load forecast of 5,450 megawatts-electriemergy Vision 2020ntegrated Resource Plan and Environmental
Impact StatementAbout 2,800 megawatts-electric of additional generating capacity will be needed by the year
2001. A portion of this could be met by the proposed Red Hills Power Project. The remainder will be met
by option purchase agreements, forward contracts for delivery of electricity to TVA, and internal TVA projects
to increase net dependable capacities for TVA’s combustion turbines, fossil plants, and pumped storage units.
An additional 2,400 megawatts-electric of capacity will be required between 20Q0@Hd The completion

of the Bellefonte unit(s) would offset some of this planned capacity.

Producing tritium in a TVA reactor would be consistent with the Congressional purposes that established
TVA—namely, to provide for the industrial development of the Tennessee Valley and for national defense.
Producing tritium in a TVA reactor would also enable TVA to maximize the utilization of its resources and
potentially increase its electricity generating capacity. TVA, as a Federal agency, in order to fulfill NEPA
responsibilities, chose to be a cooperating agency on this EIS. A cooperating agency is defined by Council
on Environmental Quality regulations as any Federal agency other than a lead agency having jurisdiction by
law or special expertise with respecttny environmental issue involved in a prop@d8l CFR 1508.5).

S.1.6  NEPA Strategy

DOE'’s strategy for compliance with NEPA has been to make decisions on programmatic alternatives in the
Final Programmatic Environmental Impact Statement for Tritium Supply and Recgualihiipe subsequent
Record of Decision (60 FR 63878), followed by site-specific analyses to implement the programmatic
decisions. The decisions made in the December 12, EB@B Programmatic Environmental Impact
Statement for Tritium Supply and RecyclRegord of Decision have resulted in DOE preparing this EIS and
the following NEPA documents:

1. Environmental Impact Statement, Construction and Operation of a Tritium Extraction Facility at the
Savannah River Site

2. Environmental Impact Statement, Accelerator Production of Tritium at the Savannah River Site

3. Environmental Assessment, Lead Test Assembly Irradiation and Analysis, Watts Bar Nuclear Plant,
Tennessee and Hanford Site, Richland, Washington

The relationship of the CLWR EIS with these, as well as other relevant NEPA documents, is explained below.
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S.1.6.1 Completed NEPA Actions
S.1.6.1.1 Final Programmatic Environmental Impact Statement for Tritium Supply and Recycling

TheFinal Programmatic Environmental Impact Statement for Tritium Supply and Re¢cyRligEIS-0161,
evaluated the alternatives for the siting, construction, and operation of tritium supply and recycling facilities
at each of five DOE candidate sites (the Idaho National Engineering and Environbaduedtory; the

Nevada Test Site; the Oak Ridge Reservation, Tennessee; the Pantex Plant, Texas; and the Savannah River
Site, South Carolina) for four different production technologies (heavy water reactor, modular high temperature
gas-cooled reactor, advanced light water reactor, and accelerator production of tritium). This Programmatic
EIS also evaluated the impacts of using a CLWR, but did not analyze specific locations or reactor sites. Issued
in October 1995, the Final Programmatic EIS was followed by a Record of Decision on DecemB8512,

(60 FR 63878). In the Record of Decision, DOE decided to pursue a dual-track approach on the two most
promising tritium supply alternatives: (1) tatiate purchase of an existing commercial reactor (operating or
partially complete) or reactor irradiation services with an option to purchase the reactor for conversion to a
defense facility; and (2) to design, build, and test critical components of an accelerator system for tritium
production (the Savannah River Site was selected as the location for an accelerator, should one be built) (60
FR 63878). The Record of Decision also called for the construction of a proposed new Tritium Extraction
Facility at the Savannah River Site. The CLWR EIS is intended to provide the NEPA analysis necessary to
implement the Final Programmatic EIS Record of Decision, which will select the technology dfid sipec

for a tritium production facility.

On December 22, 1998, Energy Secretary Richardson announced that tritium production in one or more
CLWRs would be the United States’ primary tritium supply technology and that the accelerator would be
developed, but not constructed, as a backup to CLWR tritium production. Secretary Richardson further stated
that the Watts Bar and Sequoyah reactors have been designated as the Preferred Alternative for CLWR tritium
production. The Secretary’s announcement that the CLWR would be the primary tritium technology reaffirms
the 1995 Record of Decision for the Final Programmatic EIS to construct and operate a new tritium extraction
capability at the Savannah River Site.

S.1.6.1.2 Lead Test Assembly Environmental Assessment

This NEPA analysis addressed the environmental imp
associated with the fabrication of the Lead Tesdeinbly
TPBARs at Pacific Northwest National Laborator In September 1997, a confirmatory demonstratjon
Washington; the irradiation of these TPBARs in Walls using the TPBARs began at Watts Bar 1 followjng
Bar 1; post-irradiation examination of the TPBARs § approval by DOE and NRC. The purpose of the
Pacific Northwest National Laboratory and Argonnf confirmatory tests is to provide confidence to fne
. . ; NRC, utilities, and the public thaitium production
National Laboratory West, Idaho; and associated impaglits, 5 cLWR is both technically straightforward and
of transporting TPBARS to and from the Watts Bar Nuclejllr safe. DOE expects TVA to remove these rods irf the
Plant. The purpose of the Lead Test Assemli@ly Spring of 1999, at which time they will be shippeq to
demonstration is to confirm and provide confidence [fp @ POE laboratory for examination.
regulators and the public that tritium production in
CLWR is technically straightforward and safe. DOE issued
a Finding of No Significant Impact in July 1997. Subsequently, the TPBARs were placed in Watts Bar 1 on
September 25, 1997, and they are presently being irradiated during the normal 18-month fuel cycle. Following
irradiation, the TPBARSs will undergo post-irradiation examination. To meet its own NEPA requirements, TVA
adopted the Lead Test Assembly Environmental Assessment and issued a Finding of No Significant Impact
on August 14, 1997. Additionally, NRC prepared an independent Environmental Assessment and issued its
own Finding of No Significant Impact on September 11, 1997 (62 FR 47835).

t
iead Test Assembly Program

—t
)
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S.1.6.1.3 EISs for the Operation of Watts Bar 1 and Sequoyah 1 and 2 and for Construction of
Bellefonte 1 and 2

EISs analyzing the environmental impacts associated with operation of the Watts Bar and Sequoyah Nuclear
Plants and the construction of the Bellefonte Nuclear Plant have been completed and serve to a great extent
as a baseline on which the environmental impacts associated with tritium production are assessed. For the
partially completed Bellefonte 1 and 2, this CLWR EIS evaluates the environmental impacts associated with
their completion and their subsequent operation for 40 years.

S.1.6.2 Ongoing NEPA Actions

S.1.6.2.1 Environmental Impact Statement, Accelerator Production of Ttium at the Savannah River
Site

This EIS analyzes the potential environmental impacts associated with the construction and operation of an
accelerator for the production of tritium at the Savannah River Site. On a programmatic lalekhetor

for theproduction of tritium at the Savannah River Site represents the No Action Alternative for the CLWR
EIS. A summary of the APT Draft EIS, is included in Volume 1, Section 5.2.11, of the CLWR EIS. The Draft
APT EIS was issued in December 1997. The Final EIS was issued concurrently with the CLWR Final EIS.
As a result of the decision by Secretary Richardson on December 22, 1998, that the accelerator would be a
backup to CLWR tritium production, DOE will continue with developmental activities associated with the
accelerator. However, the accelerator will not be constructed. The APT EIS is incorporated in the CLWR EIS
by reference.

S.1.6.2.2 Environmental Impact Statement, Construction and Operation of a Tritium Extraction
Facility

This EIS analyzes the potential environmental impacts associated with the construction and operation of a
Tritium Extraction Facility at the Savannah River Site. The Draft EIS foriitianh Extraction Facilitywas

issued in May 1998; a Final EIS was issued concurrently with the CLWR EIS. The purpose of the Tritium
Extraction Facility would be to extract the tritium from the TPBARSs or from targets of similar design.
TPBARSs irradiated at the selected CLWRs would be sent to the Tritium Extractibty Hac extraction of

the tritium-containing gses. A summary of the environmental impacts ofBheironmental Impact
Statement, Construction and Operation of a Tritium Extraction Facility at the Savannah River Site
DOE/EIS-0271, is included in the CLWR EIS. Thetiim Extraction Facility EIS is incorporated in the
CLWR EIS by reference.

S.1.6.2.3 Environmental Assessment for the Tritium Facility Modernization and Consolidation Project
at the Savannah River Site

This environmental assessment addresses the potential impacts of consolidating the triftien ectiently
performed in Building 232-H into the newer Building 234-H. Tritium extraction functions would be
transferred to the Tritium Extraction Facility under the Preferred Alternative. The overall impact would be

to reduce emissions by up to 50 percent. Another effect would be to reduce the amount of low-level
radioactive waste generated. Effects on other resources would be negligible. Therefore, impacts from these
actions were not included in the cumulative impacts of this CLWR EIS.
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S.1.6.2.4 Final Environmental Impact Statement for the Bellefonte Conversion Project

This EIS, issued by TVA, addresses the environmental impacts anticipated from: (1) the conversion of the
partially completed Bellefonte 1 and 2 to fossil fuel gleity generating facilities, and (2) the No Action
Alternative of maintaining the facilities as partially completed nuclear facilities. The EIS was completed in
October 1997. The issuance of a Record of Decision oORitla¢ Environmental Impact Statement for the
Bellefonte Conversion Projeutill not be made until it is determined whether one or both of these reactor
plants will be used for tritium production.

S.1.7 Public Comment Period

In August 1998, DOE issued the CLWR Draft EIS (DOE/EIS-0288D). This document explained the need for
a domestic tritium production source to maintain the U.S. nuclear deterrent and described and analyzed the
environmental impacts associated with tritium production at one or more nuclear power plants operated by
TVA. The 60-day public comment period on the CLWR Draft EIS began on Augusd28, and ended on
October 27, 1998.

During the comment period, public hearings were held in North Augusta, South Carolina; Rainsville, Alabama;
and Evensville, Tennessee. The public was encouraged to submit comments via the U.S. mail service, e-mail
to a special DOE web site on the Internet, a toll-free 800-number phone line, and a toll-free fax line.

The public hearings were conducted using a modified traditpridic hearing format that allowed two-way
interaction between DOE representatives and members of the public and also encouraged public comments
on the document. A neutral facilitator was present at each hearing to direct and clarify discussions and
comments. A court reporter was present at each hearing to recordabedimgs and provide a transcript of

the public comments and the dialogue between the public and the DOE and TVA representatives.

Comments from the public hearings were combined with comments received by other means (mail, e-mail, 800
number, fax, etc.) during the comment period. The written comments were date-stamped and assigned a
sequential document number in the order in which they were received. Volume 2 of this CLWR EIS, the
Comment Response Document, describes the public comment process in detail (Chapter 1)spaovidds

images of all the comment documents received (Chapter 2); summarizes the public hearing comments
(Chapter 2); and provides DOE’s responses to the public comment summaries (Chapter 3).

Prior to fulfilling the requirement to reach a technology decision by the end of 1998, Energy Secretary
Richardson asked TVA to submit final proposals for its Watts Bar and Sequoyah reactors, as well as for
completion of its Bellefonte reactor. These proposals were provided to DOE the first week of December 1998,
after the October 27, 1998, closing of the public comment period for the CLWR Draft EIS. After receiving
these offers, Secretary Richardson directed that this information be presented to the public so they could review
the latest TVA offers and provide their comments prior to his reaching the technology decision. To enable this,
in spite of the short notice, a public meeting was scheduled and conducted on December 14, 1998. At this
meeting, DOE presented information on the new proposals; answered questi@tsegteld comments on

the proposals, as well as on CLWR tritium production in general. The public was encouraged to comment on
the new TVA proposals via U.S. mail, fax, toll-free 800-number phone line, or e-mail. Although the comments
received as a result of this December 14, 1998, meeting were submitted after the public comment period, DOE
responded to all of these comments as though they eez&ved during the public comment period and they

are included in Volume 2, the Comment Response Document.
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During the public comment period, approximately 800 comments were received. An additional 230 comments
were in conjunction with the December 14, 1998, public meeting. Most of the comments focused on a limited
number of major issues. These issues and DOE’s responses are summarized below.

By far, a majority of comments supported the completion and operation of the Bellefonte Nuclear Plant for
tritium production because it would promote economic development in a depressed area and provide other,
similar benefits. Other commentors generally opposed the completion of the Bellefonte plant as a nuclear
power plant, particularly for tritium production. In response to these comments, DOE acknowledged there is
both public support and opposition for the Bellefonte alternative. The CLWR EIS addresses all of the benefits
cited by the commentors who favored the Bellefonte alternative, as well as the concerns expressed by
opponents. DOE’s response to these and other related comments may be found in Volume 2, Chapter 3 of this
EIS, under Category 7: General Support/Opposition.

The cost-effectiveness of the CLWR and APT tritium production alternatives was another frequent theme
among many commentors. Most asked for cost-related information and/or expressed the opinion that cost
should be the major determining factor in a tritium production decision. In addition, some commentors
guestioned the accuracy of the cost information that DOE provided at the public hearings and the
December 14, 1998, public meeting, and many believed therttegsossibility that TVA could complete

the Bellefonte plant for the cost estimates cited. Other commentors stated they felt the large expenditures
required for CLWR tritium production would be better spent on other, more urgent social needs such as
education and environmental restoration. Some commentors were concerned about possible costs to TVA
ratepayers resulting from tritium production.

In response to the cost-related comments, DOE stated that the CLWR EIS was prepared in accordance with
NEPA, the Council on Environmental Quality’s regulations on implementing NEPA (40 CFR Parts 1500-
1508), and DOE’s NEPA regulations (10 CFR 1021). None of these regulations require the inclusion of a cost
analysis in an EIS. As discussed in Volume 1, Chapter 3, Section 3.2.1, the basic objective of the CLWR EIS
is to provide the public and DOE decisionmakers with a description of the reasonable alternatives for CLWR
tritium production and information about their potential impacts on public health and safety and the
environment. While costs could be an important factor in the ultimate Record of Decision, the purpose of this
and other EISs is to address the environmental consequences of the proposed action. DOE distributed cost
information comparing the CLWR and APT alternatives at the public hearings in October 1998, however, and
this information is available upon request. In response to comments concerning the accuracy of TVA'’s cost
estimates for completing the Bellefonte plant, DOE considers TVA'’s cost estimates to be both accurate and
conservative, given that the plant is nearly complete and TVA's cost estimates were evaluated by an external
reviewer. In response to comments that CLWR funds would be better spent on other, more urgent social
needs, DOE noted that Congress determines how funds are allocated, and DOE does not determine Federal
spending priorities. Furthermore, such spending priorities are beyond the scope of this EIS. In response to the
concerns of TVA ratepayers about potential costs resulting from tritium production, DOE responded that no
additional costs to ratepayers are expected. DOE's responses to the cospublatetbmments are found

in Volume 2, Chapter 3 of this EIS, under Category 23: Cost Issues.

Many commentors questioned the need for nuclear weapons and/or the present need for tritium. Other
commentors expressed a belief that the amount of tritium needed to support current and future nuclear weapons
stockpiles is less than the amount stated in the CLWR EIS. In response, DOE cited its responsibilities for
maintaining the nation’s nuclear weapons stockpile under the Atomic Energy Act of 1954 and the requirements
of the 1996 Nuclear Weapons Stockpile Plan and accompanying Presidential Decision Directive, which
established the size and composition of the nation’s nuclear weapons stockpile and the needtfdiuamew
production source by approximately 2005. DOE stated that sufficient quantities of tritium no longer can be
obtained from weapons being retired from the existing stockpile, as cited in the most recent Presidential
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Decision Directive. DOE’s responses to comments concerning the need for tritium are found in Volume 2,
Chapter 3 of this EIS, under Category 2: Purpose and Need for Tritium.

Several commentors expressed concern that tritium production in a commercial reactor would violate U.S.
policy regarding the separation of commercial and military uses of nuclear energy, would hinder
nonproliferation efforts, and would encourage other nations to use their own commeilitiasféar nuclear
weapons purposes. In response to these concerns, DOE cited the conclusions of a high-level study entitled,
Interagency Review of the Nonproliferation Implications of Alternative Tritium Production Technologies
Under Consideration by the Department of Energy, A Report to the CongfFéss interagency review
concluded that any nonproliferation issues associated with the production of tritium in a CLWR were
manageable and that DOE should continue to pursue the CLWR option, as stated in Volume 1, Chapter 1,
Section 1.3.5, of the CLWR EIS. DOE also stated that there is no U.S. policy, law, or treaty that prohibits the
production of tritium that ultimately will be used in weapons in a commercial reactor. In addition, DOE stated
that the United States is a declared weapons state, and the purpose of nonproliferation efforts is to keep
nonweapons states from acquiring nuclear weapons while the declared weapons states work toward total
disarmament. DOE noted that other nations already operate dual-purpose reactors that seritl@bathctiv

military needs. DOE’s responses to comments on nonproliferation, the separation of civilian and military
nuclear facilities, and other policy issues are found in Volume 2, Chapter 3 of this EIS, under Category 1,
Policy Issues.

Many commentors were concerned with public and occupational health and safety issues. Some specifically
questioned TVA's past history and practices related to plant safety. In response to these concerns, DOE stated
that the environmental impacts and potential radiological doses to both workers and the public resulting from
tritium production would be well below the limits considesateptable by Federal and state regulatory
authorities. Public and occupational health and safety issues aresdiddén Volume 1, Chapter 5, of the

CLWR EIS. DOE also stated that prior to irradiation of any TPBARs, an NRC safety evaluation would be
required to amend the operating license of the reactors for tritium production. This revidwatlyegould

look at all potential health and safety issues. DOE’s responses to public and occupational health and safety
comments are found in Volume 2, Chapter 3 of this EIS, under Category 14: Occupational and Public Health
and Safety - Normal Conditions.

Several commentors stated that DOE has a history of polluting and contaminating every site they have operated
and wanted to know why the proposed action would be any different. In response, DOE acknowledged having
a number of older facilities in need of environmental cleanup, and an aggressive cleanup program is underway
to upgrade these facilities and ensure their continued compliance with Federal and state regulations. All of
the CLWR tritium production alternatives involve the use of state-of-the-art TVA reactors. These reactors
have excellent environmental compliance records and exemplary environmental, health, and safety programs
to ensure their continued compliance with Federal and state regulations. In addition, DOE expressed
confidence that trittum production in a CLWR would be safe and is technically straightforward. To
commentors who expressed concern that CltWRm production expenditures would drain DOE’s budget

for its facility cleanup activities, DOE responded that the funding for both of these programs would come from
separate Congressional appropriations. Funding for CLWR tritium production would not be obtained from
funding already allocated for fitity cleanup activities. DOE’s responses to comments about past DOE
practices and conflicts between DOE’s cleanup activities and tritium production are found in Volume 2,
Chapter 3 of this EIS, under Category 8: Past DOE Practices.

Some commentors suggested that the CLWR EIS was deficient and inadequate as a NEPA document. In
response, DOE stated that it believes that the EIS is adequate and fully complies with NEPA. The EIS
evaluates all reasonably foreseeable environmental impacts fessdinable alternatives, in accordance with

the requirements of the Council on Environmental Quality’s regulations (40 CFR 1500-1508) and DOE’s
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NEPA regulations (10 CFR 1021) and procedures. DOE’s responses to NEPA-related comments are found
in Volume 2, Chapter 3 of this EIS, under Category 5: NEPA Process.

Other commentors stated that the relationship between the CLWR , APT, and Tritium Extraction Facility EISs
was not clearly explained in the CLWR Draft EIS. In response, DOE added a Preface to the CLWR Final EIS

to better describe the relationship between the CLWR EIS, the APT EIS, and the Tritium Extraction Facility
EIS. This Preface also addresses Energy Secretary Richardson’s December 22, 1998, announcement that the
CLWR would be the primary tritium supply technology. DOE’s response to comments concerning the
relationship between the CLWR , APT, and Tritium Extraction Facility EISs is found in Volume 2, Chapter

3 of this EIS, under Category 5: NEPA Process (Comment Summary 05.01).

Several commentors were concerned about the additional spent nuclear fuel that would be generated by tritium
production. DOE responded that additional spent nuclear fuel would be generated if more than 2,000 TPBARs
were irradiated in a single reactor, as stated in Section 3.2.1, Volume 1, of the CLWR Final EIS. DOE also
stated that the CLWR EIS evaluates the environmental impacts of additional spent fuel generation resulting
from a maximum number of 3,400 TPBARs. DOE stated that it would manage the tritium production process
to minimize, to the extent practicable, the generation of additional spent nuclear fuel. In the event a suitable
repository is not available, as required by law, the additional spent nuclear fuel generated as aritasont of
production would be stored on site in a dry cask independent spent fuel storage installation. DOE’s responses
to spent nuclear fuel comments are found in Volume 2, Chapter 3 of thigrigks, Category 17: Spent Fuel
Management.

Several commentors suggested that the production of tritium in a CLWR would make TVA reactors an
attractive target for terrorists and that DOE should address the consequences of such an attack in the EIS. In
response, DOE stated that, prior to loading TPBARS in TVA’'s Watts Bar reactor as part of the Lead Test
Assembly Program, a thorough security review was conducted. This review found existing security provisions
to be adequate to protect against such a threat. Prior to utilizing Watts Bar or other TVA reactors for tritium
production, additional DOE and NRC reviews would be required to ensure safeguard ahdmesisions

are adequate. DOE's responses to these and other security-related commantsl anevfolume 2, Chapter

3 of this EIS, under Category 22: Safeguards and Security.

S.1.8 Changes from the Draft Environmental Impact Statement

In response to comments on the CLWR Draft EIS and as a result of information that was unavailable at the
time of the issuance of the Draft, Volume 1 of the CLWR Final EIS contains revisions and new information.
These revisions and new information are indicated by a double underline for minor word changes or by a
sidebar in the margin for sentence or larger additions. Volume 2, Comment Response Document, contains the
comments received during public review of the CLWR Draft EIS and DOE’s responses to those comments.
A brief discussion of the most important changes is provided in the following paragraphs.

TPBAR Failures

In analyzing the potential releases of tritium to the environment from the proposed action, the CLWR Dratft
EIS assumed that two of the TPBARSs under irradiation would fail and the entire inventory of tritium would

be available to be released to the environment under normal operating conditions. The same two-TPBARS
failure assumption was made in the analysis of transportation accidents. The assumption was based on the
failure statistics of standard burnable absorber rods, i.e., two failures out of 29,700 rods through July 1980.
Since the issuance of the CLWR Draft EIS, additional information obtained from Westinghouse revealed that
both failures were attributed to early manufacturing defects that have been corrected. The failures were
attributed to slumping of the absorber material—a ttmmdthat cannot occur in the TPBARS. Since the two
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early failures, more than 500,000 Westinghouse burnable absorber rods have been used without a single
observed failure. Consequently, the CLWR Final EIS still analyzes the impacts to the health and safety of the
public from the potential failure of two TPBARS, but charazteithe event of such a failure as an abnormal
event during an irradiation cycle, rather than a continuous, normal-operation occurrence. This change in
assumptions results in changes in the potential tritium releases and estimated doses to timelpublicmal

reactor operation and somaecident conditions (i.e., the nonreactor design-basis accident) for all reactor
alternatives.

The Secretary’s Technology Announcement

The CLWR Draft EIS was issued in August 1998. At the time, the decision on the primary and backup
technologies to be used for tritium production had not been made. On Decemt®98 Energy Secretary

Bill Richardson announced that the CLWR would be DOE’s primary optiamitiom production and the
proposed linear accelerator at the Savannah River Site would be the backup optioitiom HuxSecretary
designated TVA’s Watts Bar and Sequoyah Nuclear Plants as the preferred CLWR facilities. The CLWR
Final EIS was revised to reflect the Secretary’s announcement and include the Preferred Alternative. Changes
were made primarily in the introductory sections of the CLWR Final El&cmuracy. The evaluation of the
impacts was not affected.

Clarification of TVA Proposals

In response to public comments about the status of the TVA proposals to provide irradiation services or the
sale of a CLWR, Section 1.1.4 was revised. The discussion of the procurement process clarifies that DOE is
considering only the purchase of irradiation sg#sj not the purchase of a reactor. Additionally, the section
clarifies that TVA subntted several proposals to DOE during the ongoing negotiations. An earlier TVA
proposal for the use of Watts Bar expired. However, in December 1998, TVA submitted to DOE another offer
to provide irradiation services at Watts Bar and Sequoyah, as well as additional proposals for Bellefonte.
TVA's offer to provide irradiation services at one or more of the three proposed sites is still viable.

Nonproliferation Policy Issues

In response to public comments requesting DOE to provide examples of the commingling of civilian nuclear
programs with military nuclear programs, Section 1.3.5 was revised. The discussion ofifecaijiso now

includes an explanation and some background information on the issue, as well as examples of the
commingling of civilian and military uses of nuclear power.

Water Quality Analysis

In response to public comments expressing concern about impacts to public water withdrawals downstream
of the Bellefonte Nuclear Plant, sections of Chapters 4 and 5 were revised. The discussion of surface water
use for Bellefonte (Section 4.2.3.4) identifies nearby intakes downstream. The discussions of potential impacts
to surface water near the thremactor sites (Sections 5.2.1.4, 5.2.2.4, and 5.2.3.4) include the tritium
concentration at various locations downstream. In addition, Section 5.2.3.4 was revised to include potential
chemical concentrations downstream of Bellefonte.

Accident Analysis
During the preparation of the CLWR Final EIS, data related to the design and fabrication of the TPBARS

indicated that the release of tritium from an accidental breach of a TPBAR more likely would be time-
dependent than instantaneous and finite, as was assumed in the Draft EIS. Consequently, the analysis for the
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TPBAR handling accident and the transportation cask handling accident at the reactor site (Appendix D), and
the transportation cask accident en route (Appendix E), were revised to reflect the more recent data.

Environmental Justice

Figures in Appendix G were revised to improve their quality. New figures were added to show the location
of minority and low-income populations within a 16.1-kilometer (10-mile) radius. In addition, a representative
average individual dose at 40.2 kilometers (25 miles) to each of the 16 principal directions has been overlaid
onto the 80.5-kilometer (50-mile) radius to show the potential dose to minority and low-income populations.

Tritium Requirements and Supply

In response to public comments expressing concerns about the disparity between the amount of tritium needed
and the amount that could be supplied by one CLWR, Section 3.2.1 was revised. The discussion explains that
the exact amount of tritium needed is classified information, however, for the purposes of analysis, it is not
expected to exceed 3 kilograms per year (6.6 pounds per year). It further clarifies that one reactor with
3,400 TPBARs would be expected to satisfy a steady state tritium requirement in most years.

Comparison of the APT and CLWR Alternatives

In response to public comments requesting additional information about the No Action Alternative,
Section 3.2.6 was expanded to include a table comparing the impacts of producing tritium under the accelerator
and CLWR options. A document comparing the costs of the technology options is available upon request from
DOE.

Source of Uranium-235 for Tritium Production

In response to public comments concerning the source of blended-down uranium-235 that could be used as
nuclear fuel for tritum production, Section 5.2.7 was revised for clarification. A discussion of the
environmental impacts resulting from blending-down activities of highly enriched uranium was also added.
Mitigation Measures

The CLWR Draft EIS discusses the need for mitigation measures, if such a need were warranted, right after
the presentation of the impacts for each environmental resource. A new Section 5.5 was added to the CLWR
Final EIS to summarize these discussions.

Sensitivity Analysis

An additional variation from the baseline analysis has been included in Section 5.2.9 of the CLWR EIS, that
is, the possibility of producing tritium at some date later than 2005.

Miscellaneous Revisions and Editorial Changes
Several sections in the CLWR Final EIS were revised to reflect the availability of more recent data, or to

include corrections on erroneous information, improvements in the presentation, and other editorial changes.
None of these revisions affect the environmental impact assessment of the EIS.
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S.2 RJRPOSE ANDNEED

Since nuclear weapons came into existence in 1945, a nuclear deterrent has been a cornerstone of the nation's
defense policy and national security. Both President Clinton and the Congress have reiterated this principle
in public statements and through legislation. The President has stated on a number of occasions his
commitment to maintaining a nuclear deterrent capability. Most recently, in May 1997, the President stated

in A National Security Strategy for a New Centtingt, “. . . our nuclear deterrent posture is one of the most
visible and important examples of how U.S. military capabilities can be used effectively to deter aggression
and coercion. Nuclear weapons serve as a hedge against an uncertain future, a guarantee of our security
commitments to allies, and a disincentive to those who would contemplate developing or otherwise acquiring
their own nuclear weapons.”

U.S. strategic nuclear systems are based on designs that use tritium gas. Since tritium decays at a rate of about
5.5 percent per year (i.e., every 12.3 years one-half of the tritium has decayed), periodic replacement is
required as long as the United States relies on a nuclear deterrent. The nation, therefore, requires a reliable
source of tritium to maintain its nuclear weapons stockpile.

The size of the nation's nuclear weapons stockpile is determined by the Secretaries of Defense and Energy
who, in coordination with the Nuclear Weapons Council, jointly sign and submit to the President the Nuclear
Weapons Stockpile Memorandum. This Memorandum transmits the Nuclear Weapons Stockpile Plan to the
President for final approval. Many factors are considered in the development of the Nuclear Weapons
Stockpile Plan, including the status of the currently approved stockpile, arms control negotiations and treaties,
Congressional constraints, and the status of the nuclear material production and fabridiies famder

this plan, DOE can determine the amount of tritium necessary to support the approved stockpile.

Over the past 40 years, DOE has built and operated over a dozen nuclear reactors (five of them at the Savannah
River Site in South Carolina) to produce tritium and other nuclear materials for weapons purposes. Today,
none of these reactors are operational, and DOE has not produced tritium for addition to the stockpile since
1988. According to the Atomic Energy Act 8954, however, DOE is responsible for developing and
maintaining the capability to produce the nuclear materials, sudkilag, that are necessary for the defense

of the United States (40 U.S.C. 2011).

Until a newtritium supply source is operational, DOE will continue to support tritium requirements by
recycling tritium from weapons retired from the nation’s stockpile. However, because of the tritum decay rate,
recycling can only meet the tritium demands for a limited time, even with the reduction in stockpile
requirements and no identified need for new-design weapons in the foreseeable future. Current projections,
derived from the most recently approved, classified projections of future stockpile scenarios, indicate that
recycled tritium will support the nation’s nuclear weapons stockpile adequately until approxgnateksee

Figure S-3.
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Figure S—-3 Estimated Tritium Inventory and Reserve Requirements

Even with a reduced nuclear weapons stockpile and no identified requirement for new nuclear weapons
production in the foreseeable future, an ensured long-term tritium supply and recycling capability will be
required to maintain the weapons determined to be needed for national defense under the prevailing Nuclear
Weapons Stockpile Plan. Presently, no U.S. source of new tritium is available. The etfsstifethe U.S.

nuclear deterrent capability depends not only on the nation's current stockpile of nuclear weapons or the
effectiveness of those it can produce, but also on its ability to reliably and safely provide the tritium needed
to maintain these weapons.

To meet requirements mandated by the President and supported by the Congress, the United States will need
a new source of tritium production by approximately 2005. For planning purposes, the opdifatiofidle

new production source would be about 40 years. Without a new supply source, after 2005 the United States
would have to use its five-year reserve of tritium to maintain the readiness of the nuclear weapons stockpile.
The five-year reserve contains a quantity of tritium maintained for emergencies and contingencies. In such
a scenario, the complete depletion of the five-year tritiesenve would degrade the nuclear deterrent
capability because not all weapons in the stockpile would be able to function as designed. Eventually, the
United States would lose its nuclear deterrent. The purpose of DOE’s action is to produce in one or more
commercial light water reactgrhe tritium needed to maintain the nation’s nuclear weapons stockpile.

TVA's purpose and need relative to this EIS is to maximize the utilization of its resources while
simultaneously providing support to national defense. National defense support has been one of TVA's
historic multi-purpose missions (see Section S.1.5.5).
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S.3 CoMMERCIAL LIGHT WATER REACTOR PROGRAM ALTERNATIVES
S.3.1  Production of Tritium in a Commercial Light Water Reactor

To produce tritium in a CLWR, TPBARs would be inserted into the reactor core. The TPBARSs are long, thin
tubes that contain lithium-6, a material that produces tritium when it is exposed to neutrons in the reactor core.
The exterior dimensions of the TPBARSs are similar to the burnable absorber rods, so that they can be installed
in fuel assemblies where burnable absorber rods are normally placed. To easetithe amseremoval from

fuel assemblies, the TPBARs would be attached to a base platBig&exs S—4andS-5for a sketch of a

typical TPBAR assembly and components. In addition to producing tritium, TPBARs would fill the same role
as burnable absorber rods in the operation of the reactor.

The neutron absorber material in the TPBARS would be enriched in the isotope lithium-6, instead of the boron
usually used in the burnable absorber rods. When the TPBARSs are inserted into the reactor core, neutrons
would be absorbed by the lithium-6 isotope, thereby initiating a nuclear process that would turn it into
lithium-7. The new isotope would then split to form helium 4 and tritium (see Appendix A for a more detailed
discussion of this process). The tritium then would be captured in a solid metal nickel-plated zirconium
material in the TPBAR called a “getter.” The tritium would be chemically bound in the TPBAR “getter” until

the TPBAR is removed from the reactor during refueling and transported to the progtisedHxtraction

Facility at the U.S. Department of Energy’'s (DOE) Savannah River Site in South Carolina. Thtiarthe

would be extracted by heating the TPBARS in a vacuum to temperatures in excess of 1,000 degrees Centigrade
(°C) (1,800 degrees Fahrenhé&iE]). Following extraction, the tritium would be purified.

S.3.1.1 Impacts of Tritium Production on Reactor Operations

The replacement of burnable absorber rods witBARSs should have few impacts on the normal operation

of the reactor. The normal power distribution within the core and reactor coolant flow and its distribution
within the core would remain within existing technical specification limits. Some tritium is expected to
permeate through the TPBARSs during normal operation, which would increase the quantity of tritium in the
reactor’s coolant water system. Since tritium is a type, or isotope, of the hydrogen atom, once the tritium is
in the reactor’s coolant water system, it could combine with oxygen to become part of a water molecule and
could eventually be released to the environment.

The operational differences between a tritium production reactor and a nuclear power plant without tritium
production were determined by evaluating each environmental resource area and identifying the operational
parameters that would change in a typical CLWR as a result of operating in a tritium production mode. The
summarized operational differences are:

» Accident conditions—The physical changes to the reactor core would involve replacing some burnable
absorber rods with TPBARs. This change would increase the estimated quantity of radicemsalioies
to be released in the analysis.

» Personnel—Additional TPBAR handling and shipping activities would create new jobs and possibly
require the hiring of extra personnel at the CLWR sites.

« Effluent—The tritium content in the liquid effluent and gaseous emissions is expected to increase as a
result of the presence of TPBARSs in the reactor.

» Waste—Additional activities associated with handling, processing, and shipping TPBAR assemblies are
expected to increase low-level radioactive waste generation rates.
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» Spent fuel—Additional spent fuel could be generated when a reactor operates in a tritium-producing mode.
Depending on existing spent fuel capacity, additional storage for spent fuel could be required.

» Public and worker exposure—The increased levels of tritium in the reactor coolant and the additional
activities required in the handling and processing of TPBARs would result in increased radiation exposure
for the public, operations workers, and maintenance personnel.

« Transportation and handling—Irradiated TPBAR assemblies would be packaged and transported from the
CLWR sites to the Savannah River Site for tritium extraction and purification. Some additional risks of
an accident en route would be expected. In addition, low-level radioactive agasteated with the
TPBARSs would be packaged and transported for disposal at the Barnwell disposal facility or the Savannah
River Site.
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S.3.2 Development of Alternatives

S.3.2.1 Major Planning Assumptions and Basis for Analysis

The major planning assumptions and considerations that form the basis of the analyses and impact assessments
presented in this EIS are listed below.

The purpose of DOE’s action is to produce tritium in a CLWR. Tritium is needed to maintain the nation’s
nuclear weapons stockpile. For the purposes of analysis in this EIS, DOE assumed that the CLWR program
would be designed to produce up to 3 kilograms of tritium per year. Three kilogréitiarafrepresents

an unclassified maximum requirement that only would be required if the tritium reserve, which is
maintained for emergencies and contingencies, were ever lost or used (see Figure S—3). Considering the
current design of the TPBARSs and the efficiency of the tritium extraction process, this would involve the
irradiation of up to 6,000 TPBARs in an 18-month refueling cycle (4,000 TPBARs per year). The
maximum number of TPBARs that could be irradiated at each reactor unit withdlitangly disturbing

the normal electricity-producing mode of reactor operation is approximately 3,400 TPBARS; the exact
number depends on the specific design of the reactor. Steady-state tritium requirements, which are
classified and would vary depending upon the specific requirements of the Nuclear Weapons Stockpile
Plan, are less than 3 kilograms of tritium per year. This EIS evaluates the impacts at each reactor site by
considering a range of 1,000 to 3,400 TPBARs. A sensitivity analysis of the irradiation of fewer than
1,000 TPBARs is included in Volume 1, Section 5.2.9 of the CLWR EIS.

Producing 3 kilograms of tritium per year likely would be a short-term requirement to reconstitute the
tritium reserve. In such a case, as explained in Appendix A of this EIS, it is technically feasible to produce
larger quantities dfritium in a single reactor by changing some of the design parameters of the TPBARSs
and/or some technical parameters of the host reactor core, including shortening the refueling cycle. DOE
does not foresee the implementation of this mode of production in any of the reactor units considered in
this CLWR EIS. For the purpose of completeness, however, the sensitivity analysis in Volume 1,
Section 5.2.9 of the CLWR EIS also addresses the environmental impacts of changing the existing design
parameters of the TPBARs and some of the operating parameters of the host reactors to maximize tritium
production.

The EIS assesses the environmental impacts of tritium production in CLWRs for a period of 40 years,
starting with the delivery of irradiated TPBARs at the Tritium Extraction Facility in approxintiagejear

2005. For alternatives involving the partially completed reactor(s), it is assumed that any construction
activities needed for the completion of Bellefonte 1 (and any other start-up tests and activities) would take
place during the time period betweE909 and 2004, at which time the completed reactor would be fully
operational. In the event Bellefonte 2 was also selected for completion, Bellefonte 1 would come on line
in approximately 2005, while Bellefonte 2 would begin operation in approximately 2007.

CLWRs are licensed by NRC to operate for 40 years. Currently operating reactors are not in a position to
continue operation beyond 40 years without NRC approval for “life extension.” Some of the environmental
impacts associated with life extension activities would be attributable to tritium productioNRTheas
addressed the generic impacts of life extension is#reeric Environmental Impact Statement for License
Renewal of Nuclear PlantsThe life extension impacts associated with alternatives involving the currently
operating units are based on this publication and are addressed generically in thetigi prbduction

is not expected to affect relicensing. Life extension impacts for a partially completed reactor would not be
an issue, since it would be expected to operate for 40 years after its completion.
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» Tritium production in a currently operatingactor would not be expected to affect the radiological
condition of the eactor at the end of its life. Therefore, environmental impacts associated with
decommissioning and decontamination activities would be attributed to the normal operation of the reactor
as an electricity-producing unit. For a partially completed reactor, the impacts from decommissioning and
decontamination activities are evaluated in this EIS. Decommissioning and decontamination impacts are
based on the generic EIS issued by the NRC enkileal Generic Environmental Impact Statement on
Decommissioning of Nuclear Facilities

» Fabrication of the TPBARs would take place in a commercial facility that normally fabricates and
assembles the components for the fresh fuel used in the CLWRs.

e Production of tritium in a CLWR would increase the generation rate of spent fuel if more than
approximately 2,000 TPBARs are irradiated in a fuel cycle. Normally (i.e., during normal operation with
no tritium production), fuel assemblies are used in more than one cycle. However, in order to maximize
tritium production, TPBARSs would be inserted in fresh fuel assemblies. In accordance with the Nuclear
Waste Policy Act of 1982, DOE is planning to manage all spent nuclear fuel at a national repository. Siting
and development of a repository is ongoing, and the location and opening date for a suitable repository has
not been determined. Accordingly, for the purposes of this EIS, the initial management of any additional
spent nuclear fuel that may be generated as a result of tritium production is assumed to be stored on site
in a generic dry cask independent spent fuel storage installation (ISFSI) pending the availability of a
suitable repository. The environmental impacts from the construction and operation of an ISFSI are
addressed in this EIS. However, no decision will be made to either construct or operate an ISFSI as a result
of this EIS. Appropriate NEPA documentation would be prepared prior to the construction of a dry cask
ISFSI.

S.3.2.2 Reasonable Alternatives

As discussed in Section S.1.4, DOE issued a Request for Proposals for the CLWR production of tritium. DOE
stated in the Request for Proposals its intent to select one or both of two approaches: (1) the acquisition of
CLWR irradiation services for tritium production, or (2) the purchase of an operating CLWR by DOE for
production of tritium. The only qualified response to DOE’s solicitation came from TVA, the operator of
Watts Bar 1 and Sequoyah 1 and 2. TVA also maintains the partially completed units of Watts Bar 2 and
Bellefonte 1 and 2. With the exception of Watts Bar 2, which was considered and dismissed, these units form
the basis for the Reasonable Alternatives.

To supply tritium to meet national seity requirementsPOE could use one or more reactors. Considering
that a maximum number of 3,400 TPBARs could be irradiated in a single reactor, at least two reactors would

be needed for the 6,000 TPBARs based on an 18-month refueling €yrisidering also that additional spent
nuclear fuel generation attributed to tritum production starts approximately with the irradiation of
approximately 2,000 TPBARs in a single reactor, DOE could use as many as three reactors to irradiate
6,000 TPBARSs without increasing the amount of spent nuclear fuel. Mathematically, DOE has the option of
selecting 1 of the 18 combinations of reactor units presenfeabie S—1 These 18 combinations form the
Reasonable Alternatives of the irradiation element of the project.

S.3.2.3 No Action Alternative
On December 22, 1998, Energy Secretary Bill Richardson announced that CLWRs would be the primary
tritium supply technology for tritium and that the accelerator would be developed—but not constructed as a

backup to CLWR tritium production. Based on this announceméritiuim is not produced in a CLWR, it
will be produced in an accelerator. Accordingly, for purposes of analysis in this EIS, the No Action
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Alternative assumes the continued operation of Watts Bar 1 and Sequoyah 1 and 2 for the generation of
electricity and the deferral of construction activities necessary for completion of Bellefonte 1 and 2 as nuclear
units. Consequently, this No Action alternative entails the production of tritium in an accelerator. A summary
of the environmental impacts associated with the production of tritium in an accelerator is contained in
Volume 1, Section 5.2.11 of the CLWR EIS. A comparison between the environmental impacts of the CLWR
EIS reactor alternatives and those &ocelerator production is presentedliable S-3at the end of this
summary. Since the APT EIS was developed in parallel with the CLWR EIS, the impacts in Table S-3
represent the conclusions of the APT Draft EISesEhimpacts are not expected to change in the APT Final
EIS.

Table S—1 CLWR Tritium Production Program Reasonable Alternatives

Bellefonte 1 Bellefonte 2
Watts Bar 1 Sequoyah 1 Sequoyah 2 Complete Constructjon  Complete Construgtion
Alternative Operation Operation Operation and Operation and Operatfion
One Reactof
1 L
2 L
3 L
4 o
Two Reactor Combinations
5 L ]
6 L L
7 L L
8 L  J
9 L L
10 L L
11 L [ ]
Three Reactor Combinations
12 L L ]
13 ] L ]
14 ] L ]
15 L L [
16 L L L
17 L L [
18 ] ] [

& Construction on Bellefonte 2 may be completed only if Bellefonte 1 is completed and operated.
> The one-reactor alternative could nodguce 3 kilograms of tritium per year on an 18-month refueling cycle

S.3.2.4 The Preferred Alternative
The Council on Environmental Quality regulations require that an agendifyidenPreferred Alternative(s)

in the Final EIS (40 CFR 1502.14e). The Preferred Alternative is defined as the alternative that the agency
believes would fulfill its statutory mission, giving consideration to environmental, economic, technical, and
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other factors. This EIS provides information on the environmental impacts. Cost, schedule, and technical
analyses will be discussed in the Record of Decision for the EIS. DOE has identified the purchase of
irradiation sendes from the Watts Bar and Sequoyah reactor facilities as the Preferred Alternative for the
production of tritium in a CLWR. Under the Preferred Alternative, no more than 3,400 TPBARs would be
irradiated in a single reactor per each refueling cycle. In implementing the Preferred Alternative, DOE and
TVA would minimize, to the extent practicable, the generation of additional spent nuclear fuel.

S.3.2.5 Reactor Options
S.3.2.5.1 Watts Bar Nuclear Plant Unit 1

Watts Bar 1 is located on a 716-hectare (1,770-acre) site in Rhea County, Tennessee, on the Tennessee River
at Tennessee River Mile 528, approximately 80 kilometers (50 miles) northeast of @gdtdrennessee.
The general arrangement of the Watts Bar Nuclear Plant is shadviguire S—6

Watts Bar 1 began commercial power operation in May 1996. The Watts Bar 1 structures include a reactor
containment building, a turbine building, an auxiliary building, a service building, a water pumping station
for circulating water in the condenser, a diesel generator building, a river intake pumping station, a natural-
draft cooling tower, a transformer yard, a 50@ilt switchyard and a 161-kWolt switchyard, a spent
nuclear fuel storage facility, and sewage treatment facilities. The reactor containment building houses a
pressurized water reactor designed and manufactured by the Westinghouse Electric Corporation. No
modifications are expected to be necessary for Watts Bar 1 to irradiate TPBARs. Design equipment and
facilities are sfiicient to load and unload the TPBAR assemblies. During normal operation with tritium
production, the plant could employ a few more workers (less than 10) in addition to the 809 presently
employed. The spent nuclear fuel storage capacity is not sufficient for 40 years of operation with or without
TPBARS.

S.3.2.5.2 Sequoyah Nuclear Plant Units 1 and 2

Sequoyah 1 and 2 are operating, pressurized CLWR nuclear power plants. The units are located on a
212-hectare (525-acre) site in Hamilton County, Tennessee, on the Tennessee River at Tennessee River Mile
484.5, approximately 12 kilometers (7.5 miles) northeast of the nearest city limit of Chattanooga, Tennessee.

The general arrangement of the Sequoyah Nuclear Plant is sh&guia S—7.

Sequoyah 1 began commercial operation in July 1981, and Sequoyah 2 began commercial operation in
June 1982. The nuclear steam supply systems, designed and manufactured by the Westinghouse Electric
Corporation, include the reactor vessel, steam generators, and associated piping and pumps. These are housed
in two reactor containment buildings. The balance of the nuclear power plant includes: a turbine building,
an auxiliary building, a service and office building, a control building, a condenser circulating water pumping
station, a diesel generator building, a river intake pumping station, two natural draft cooling towers, a
transformer yard, a 500-kiWolt switchyard and a 161-kivolt switchyard, spent nuclear fuel storage facilities,

and sewage treatment facilities. No maodifications are expected to be needed for Sequoyah kradthBto
TPBARs. Equipment and fdites are sufficient to load and unload the TPBAR assemblies. Tritium
production could require the addition of a few more employees (fewer than 10 per unit) to the 1,120 employees
currently employed at the two-unit site. The spent nuclear fuel storage capacity is not sufficient for 40 years
of operation with or without TPBARS.
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S.3.2.5.3 Bellefonte Nuclear Plant Units 1 and 2

Bellefonte 1 and 2 are partially completed reactors. They are situated on approximately 607 hectares
(1,500 acres) on a peninsula at Tennessee River Mile 392, on the west shore of ilkiRessvvoir, about

11.3 kilometers (7 miles) northeast of Scottsboro, Alabama. The main land uses of the surrounding area are
forestry and agriculture; however, urban-industrial development has grown over the past several years around
the plant along the Guntersville Reservoir. The affected environment at the Bellefonte Nuclear Plant site is

described in Section 4.2.3. The general arrangement of the Bellefonte Nuclear Plant is $higune i8—8

The U.S. Atomic Energy Commission (now NRC) issued the construction permit for the Bellefonte Nuclear
Plant in December 1974, and construction started in February 1975. On July 29, 1988, TVA notified NRC
that Bellefonte was being deferred as a result of a lower load forecast for the near future. After three years of
extensive study, TVA notified NRC on March 23, 1993, of its plans to complete Bellefonte 1 and 2. In
December 1994, TVA announced that Bellefonte would not be completed as a nuclear plant without a partner
and put further activities on hold until a comprehensive evaluation of TVA’s power needs was completed. On
April 29, 1996, TVA issued a Notice of Intent to prepare an EIS for the proposed conversion of the Bellefonte
Nuclear Plant to a fossil fuel facility. Thenal Environmental Impact Statement for the Bellefonte
Conversion Projectwhich analyzed alternatives for such a conversion, was issued in October 1997. A Record
of Decision for that EIS will not be made until it is determined whether Bellefonte 1 or both Bellefonte 1 and

2 will be used for tritium production.

The plant structures presently consist of two reactor containment buildings: a control building; a turbine
building; an auxiliary building; a service building; a condenser circulating water pumping station; two diesel
generator buildings; a river intake pumping station; two natural-draft cooling towers; a transformer yard; a
500-kilovolt switchyard and 161-kil/olt switchyard; a spent nuclear fuel storage pool; and sewage treatment
facilities.

Additionally, there are office buildings to house engineering and other department personnel. Entrance roads,
parking lots, railroad spurs, and a helicopter landing pad are in place and are capable of supporting a
construction project.

No modifications to the original design would be necessary to complete Bellefonte 1 or Bellefonte 2 for
operation, with or without TPBARs.

The plant systems and structures are maintained through active layup and preservation. Program activities
include the following:

« Each unit’'s main turbine generators are rotated every other week.
* The diesel fire pumps are maintained in an operational status and are run monthly.

« The shell and tube sides of the main condensers (heat exchangers) are kept dry, and the tube side is
maintained with a flow of warm, dehumidified air.

» The reactor coolant system is kept dry using a flow of warm, dehumidified air.

A workforce of approximately 80 personnel supports layup and preservation of the plant. Of that number, 38
are involved in operations and maintenance.
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To complete Bellefonte 1 or both Bellefonte 1 and 2, additional engineering and constructibesasiuld
be required. These activities are summarized in the following paragraphs.

Engineering—Engineering for the original Bellefonte Nuclear Plant design is substantially complete. The
additional engineering effort consists of completing analysis and design modifications that were not completed
prior to deferral; updating the design basis documentation to current industry standards; and supporting
construction, start up, and licensing of the plant. More specifically, the remaining engineering effort for
Bellefonte 1 and 2 includes, but is not limited to, the following:

Issuing detailed design modifications for certain mechanical and electrical systems to meet current
requirements

Updating the main control room drawings into computer-aided design electronic format

Reviewing the control room design and upgrading the simulator and plant computers

Reanalyzing piping and pipe supports

Resolving industry issues (e.g., fire protection, electrical equipment qualification, station blackout, site
security, communications, motor-operated valves) that were either not completed prior to deféBal in

or have arisen since deferral

Developing fuel assembly and fuel cycle designs to facilitate the production of tritium

Supporting submittals of the Final Safety Analysis Report and completing prélRitiposition papers

Supporting field change requests by the constructor

Construction—Construction activities required to complete Bellefonte 1 and 2 include, but are not limited
to, the following:

Completing the application of protective coatings to structures, piping, and components, and the installation
of piping insulation

Installing the Bellefonte 2 reactor coolant pump internals and motors [Some (less than 10 percent) of
Bellefonte 1 reactor coolant instrumentation and pipe supports would have to be installed.]

Installing limited major piping and components in the balance of the plant for Bellefonte 2

Installing the steam piping for Bellefonte 2

Installing and energizing a limited amount of the electric power equipment within the plant [The 161-
kilovolt and 500-kibvolt offsite transmission lines are terminated in the switchyard, which is complete and
energized.]

Completing the Bellefonte 2 main control room [Substantial work would be required because the
Bellefonte 1 main control room, although not complete, is functional and manned to monitor the ongoing
preservation activities. The recommendations of the Control Room Design review would be factored into
efforts to complete construction of both control rooms.]

Preparing the intake structure for operation by desilting the intake water pump
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e Constructing some new support buildings and installing additional equipment
S.3.2.6 Environmental Consequences

For the five TVA reactors being considered for tritium production (Watts Bar 1, Sequoyah 1, Sequoyah 2,
Bellefonte 1, and Bellefonte 2), impacts are presented for the bounding case (i.e., the maximum number of
TPBARSs that could béradiated in a reactor). For those resources where impacts would be significantly
different for a €sser number of TPBARS, explanation is provided. The impacts of utilizing more than one
CLWR for tritium production can be determined by adding the impacts of each individual CLWR together.
The impacts of not producing tritium at any of these five reactors (the No Action Alternative) are presented
first, as a baseline against which to compare the impacts of produitimgp. The summary of the
environmental consequences is presentddbie S-2at the end of this summary.

S.3.2.6.1 No Action Alternative
Construction

Watts Bar 1 and Sequoyah 1 and 2Inder the No Action Alternative, Watts Bar 1 and Sequoyah 1 and 2
would continue to produce electricity, and no construction impacts would occur.

Bellefonte 1 and 2.Under the No Action Alternative, Bellefonte 1 and 2 would remain in deferred status, and
no construction impacts would occur. TVA could also convert Bellefonte 1 and 2 to a fossil fuel plant, as
described in th&inal Environmental Impact Statement for the Bellefonte Conversion P(sg@zd/olume 1,

Section 1.5.2.4). Such conversion would be independent of this EIS and would not occur until a decision is
made regarding the role of Bellefonte 1 and 2 in tritium production.

Operation

Watts Bar 1 and Sequoyah 1 and 2Inder the No Action Alternative, Watts Bar 1 and Sequoyah 1 and 2
would continue to produce electricity for the foreseeable future, and there would be no changes in the type and
magnitude of environmental impacts that currently occur. In producing electricity, these reactor plants would
continue to comply with all Federal, state, and local requirements. Impacts associated with the continued
operation of Watts Bar 1 and Sequoyah 1 and 2 are described in the following paragraphs.

Under the No Action Alternative, water requirements at all three plants would continue to be met by existing
water resources with no additional impacts, and water quality would not change, but would remain within
regulatory limits. Air quality would also remain unchanged and stay within regulatory limits. Worker
employment should remain steady at each of the sites, with no major changes to the regional economic areas
as a result of plant operation. Worker exposure to radiation should remain well under the regulatory limit of
5 rem per year, with the average worker dose at approximately 90 to 100 millirems per year. Radiation
exposure of the public from normal operations would also remain well within regulatory limits (3 rem per year)
for each of the reactor sites. At Watts Bar 1, the total dose to the population within 80 kilometers (50 miles)
would be approximately 0.55 person-rem per year. Statistically, this equates to one fatal cancer approximately
every 3,570 years from operation of Watts Bar 1. At Sequoyah 1 or Sequoyah 2, the total dose to the
population within 80 kilometers (50 miles) would be approximately 1.6 person-rem per year. Statistically, this
equates to one fatal cancer approximately every 1,250 years from the operation of Sequoyah 1 or 2. Risks of
accidents would remain unchanged.

Under the No Action Alternative, all categories of wastes would continue to be generated at each of the reactor
plants, and they would be managed in accordance with regulations. Low-level radioactive wastes would
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continue to be generated at a rate of approximately 40 (Watts Bar 1) to 389 (Sequoyah 1 or Sequoyah 2) cubic
meters per year and would be disposed of at the Barnwell disposal facility. For each of the reactors, spent fuel
would also continue to be generated at a rate of approximately 80 fuel assemblies per year. Spent fuel would
continue to be managed at each of the reactor plants in compliance with all regulatory requirements.

Bellefonte 1 and 2.Under the No Action Alternative, Bellefonte 1 and 2 would remain uncompleted nuclear
reactors, and impacts on the environment would not change.

S.3.2.6.2_Impacts Associated with Tritium Production

Construction

Watts Bar 1 and Sequoyah 1 and Because this EI&ssumes that long-term spent fuel storage would take
place at each of the reactor plants, an ISFSI could eventually be required for Watts Bar 1, Sequoyah 1, or
Sequoyah 2 to support tritium production. This could be the only construction necessary for tritium
production. If such a facility were to be constructed, it would consist of three reinforced concrete slabs
covering approximately 3.5 acres. Approximately 60-80 horizontal storage modules, each made of reinforced
concrete, could be housed on the slabs. These horizontal storage modules would have a hollow internal cavity
to accommodate a stainless steel cylindrical cask that would contain the spent nuclear fuel. Constructing such
a facility would disturb approximately 5 acres and require approximately 50 construction workers. Premixed
concrete would be used, and impacts to air quality, water, and biotic resources are expected to be small.
Appropriate NEPA documentation would be prepared prior to the construction of a dry cask spent fuel storage
facility.

Bellefonte 1 and 2. All major structures (e.g., containment buildings, cooling towers, turbine buildings,
support fatities) have been constructed, so construction activities would largely consist of internal
modifications to the existing facilities. No additional land would be disturbed in completing construction, and
there would be no impacts on visual resources, biotic resources (including threatened and endangered species),
geology and soils, and archaeological and historic resources. Because this EIS assumes that long-term spent
fuel storage would take place at each of the reactor plants, a dry cask spent fuel storage facility would
eventually be required at Bellefonte 1 and 2. The impacts of constructing such a spent fuel storage facility
would be similar to those described above for Watts Bar 1, Sequoyah 1, or Sequoyah 2. Appropriate NEPA
documentation would be prepared before the construction.

Completing construction of Bellefonte 1 would have the greatest impact on socioeconomics, with construction
activities taking place between 1999 and 2004. During the peak year of construction (2002), approximately
4,500 direct jobs could be created. As many as 4,500 secondary jobs (indirect jobs) would also be created.
The total new jobs (9,000) would cause the regional economic area unemployment rate to decrease to
approximately 4 percent from the current rate_of@&ent. Public finance expenditures/revenues would
increase by over 30 percent in Scottsboro and about 15 percent in Jackson County.a&serdigs/would

decline to near zero, and demand for all types of housing would increase substantially. Rents and housing
prices could increase at double-digit percentage levels.

If Bellefonte 2 were also selected for completion, construction activities for both units would be drawn out,
taking place between 1999 and 2005. The peak year of construction would shift, but the total number of direct
and indirect jobs would be the same. The effects, therefore, on unemployment, public finance, rents, and
housing prices would be the same as for the construction completion of Bellefonte 1.
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Operation

Watts Bar 1 and Sequoyah 1 and 1 a
tritium production mode, these operatin
reactors would continue to comply wit
all Federal, state, and local requiremen
Tritium production would have little or no
effect on land use, visual resources, wat
use and quality, air quality, archaeologic
and historic resources, biotic resourc
(including threatened and endanger
species), and socioeconomics. It coul
however, have some incremental impa
in the following areas: radiation exposur
(worker and public), spent fuel
generation, and low-level radioactiv
waste generation. Tritium productio
could also change the accident a
transportation risks associated with the
reactors. Each of #se areas is discusse
below.

Radiation ExposureTritium production
could increase average annual work
radiation exposure by approximatel
0.82—1.1millirem per year The resultant
dose would be well within regulator
limits. Radiation exposure to the publi
from normal operations could als
increase, but would still remain well
within regulatory limits at each of the
reactor sites. At either Watts Bar 1
Sequoyah 1, or Sequoyah 2, the total do|
to the population within 80 kilometers (5
miles) could increase by a maximum
1.9 person-rem per year. Statistically, thi
equates to one additional fatal canc
approximately every 1.00@ears from the
operation of Watts Bar 1, Sequoyah 1,
Sequoyah 2.

Spent Fuel Generatioiven irradiation

of 3,400 TPBARSs (the maximum numbe
of TPBARs without changing the reactor’
fuel cycle), additional spent fuel would b
generated at Watts Bar 1, Sequoyah 1,
Sequoyah 2. In the average 18-month f

cycle, spent fuel generation could increa
from approximately 80 spent fuel
assemblies uf a maximum of 140, a 71

Health Effects Risk Factors Used in this EIS

Health impacts of radiation exposure, whether from sources extern

" internal to the body, are generally identified as “somatic” (i.e., affect]

the exposed individual), or “genetic” (i.e., affecting descendants of|

I exposed individual). Radiation is more likely to produce somatic ef

than genetic effects. xEept for leukemia, which can have aduction

period (time between exposure to carcinogen and cancer diagnosis)
little as 2 to 7 years, most cancers haveraduiction period of more tha
20 years.

For a uniform irradiation of the body, the incidence of cancer va
among organs and tissues; the thyroid and skin demonstrate a gr|
sensitivity than other organs. Such cancers, éx@x, also poduce
comparatively low mortality rates because they are relativelynaivie to
medical treatment. Because of the readily available data for ca
mortality rates, somatic effects leading to cancer fatalities, rather {
cancer incidence, are presented in this EIS. The numbers of c
fatalities can be used to compare the risks of various alternatives.

Risk factors are used to calculate the statistical expectance of the ¢
of exposing a population to radiation. For example, in a populatio
100,000 people exposed only to natural backgd radiation (300
millirem per year), about 15 latent cancer fatalities per year would
expected (100,000 persons x 0.3 rem per year x 0.0005 latent c|
fatalities per person-rem = 15 latent cancer fatalities per year).
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The number of latent cancer fatalities corresponding to a single

individual's exposure over a presumed 72-year lifetime to 0.3 rem per|
is 0.011 (1 person x 0.3 rem per year x 72 years x 0.0005 latent ¢
fatality per person-rem = 0.011 latent cancer fatality). Preseateather
way, this method estimates that approximately 1.1 percent o
population might die of cancemsduced by background radiation. T
same calculations apply to workers with one difference; the risk factqg
workers is 0.004 latent cancer fatalities per person-rem instead of (

cancer fatalities per person-rem for the general public.

The health consequences of exposure to radionuclides from nd
operation and accidents are converted to estimates of cancer fatality|
using dose conversion factors recommended by the Internat
Commission on Radiological Protection. For individuals, the estim
probahlity of a latent cancer fatality occurring is reported for th
noninvolved worker, the maximally exposed irtiial, and an averagg
individual in the general population. These categories are defing
follows:

Noninvolved Worker: An individual 640 meters (0.4 mile) from t
radioactive material release point.

Maximally Exposed Offsite Individual: A hypothetical individual whd

year
hncer

f the
e

r for
.005

rmal
risks
onal
hted
e
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ne

could potentially receive the maximum dose of radiation or hazarglous

r chemicals.

! General Population: Individuals within an 80-kilometer (50-mile) radiu
of the facility.
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percent increase in spent fuel generation over the o
Action Alternative. Because this EIS assumes that lofl)- Spent Fuel Storage
term spent fuel storage would take place at each of erhe need for additional spent fuel storage is
reactor plants, a dry cask spent fuel storagétfaeould )
eventuaﬁly be neerged. Stgring the addifci,gnt:flspentf szl @) line EEs.inialen ey S0 T g
. . L would be irradiated in a reactor core for 1§
shoul_d have minor |mpach._ Radiation exposures wold,. o+ fuel cycles. However, if approximatély
remain below regulatory limits for both workers and t F 2,000 TPBARS or fewer were irradiated in each
public, and less than 4 cubic feet of low-level radioacti P fuel cycle, no additional spent fuel would pe
waste would be generated annually. The impactsgpfgenerated.
accidents associated with dry cask spent fuel stor@he
would be small. As previously mentioned, appropriae The additional spent fuel generated from the
NEPA documentation would be prepared before tfgetritum production over the duration of th
construction of a dry cask spent fuel storage facility Jiit Program, would be accommodated at the site at
Watts Bar 1, Sequoyah 1, or Sequoyah 2. If fewer ttfiir@" independent dry cask spent fuel storage
approximately 2,000 TPBARs were irradiated, thefp Istallation (ISFSI).  The EIS presents the

would be no change in the amount of spent fuel produg denvironmental impacts of the constructign,
9 P P [ “Operation, and postulated accidents associated
by the reactors.

with a generic dry cask ISFSI at each of the
sites.

Low-Level Radioactive Waste Generati@@ompared to
the No Action Alternative, tritium production at Watts Bl The majority of operating ISFSIs are in the fofm
1, Sequoyah 1, or Sequoyah 2 would generdleof concrete casks. Concrete casks consigt of
approximately 0.43 additional cubic meter per year [jf either a vertical or horizontal concrete structure
low-level radioactive waste. This would be \ that houses a metal cask that confines the spent
0.1 (Sequoyah 1 or Sequoyah 2) to 1.0 (Watts Bar )nucle_ar fuel. A horizontal_storage module
percent increase in low-level radioactive waste generatfprfOnsists of a rectangular reinforced concrete
over the No Action Alternative. Such an increase wo i lock that has a hollow internal cavity fo
amount to less than 1 percent of the low-level radioact caccommodate a stainless steel cylindrical cask
. . i | ‘that contains the spent nuclear fuel. The
waste disposed of at t_he Barnwell_dlsposal faC|I|t_y. T E concrete block is 5.79 meters (19 feet) lohg,
EIS also analyzes the impacts of this low-level radioactlles g meters (9.7 feet) wide, and 4.6 meters|(15
waste disposal at the Savannah River Site. Disposingofeet) high.
0.43 cubic meter per year of low-level radioactive wafge
would amount to less than 1 percent of the low-le\@l The decay heat released from the stored spent
radioactive waste disposed of at the Savannah River $itéuel would be equal to the heat released to the
and less than 1 percent of the landfill's capacity.

Accident Risks Tritium production could change th
potential risks associated with accidents at Watts Barfg
Sequc_)yah 1, or Sequoyah 2. As described in eto an individual was calculated to be in the
followmg text, the;se changes Would.be sma}ll. Potent ‘ range of 0.01 to 0.1 mrem/hr.

impacts from accidents were determined using comp er

modeling. If a |Im|t|ng deSign-baSiS accident occurrej, The environmental consequences of [he
tritum production at the 3,400 TPBAR level woul@ construction and operation of a generic dry
increase the individual risk of a fatal cancer by 1.4 X 1§ cask storage facility are minor.

to an individual living within 80 kilometers (50 miles) o
Watts Bar 1. Statistically, this equates to a risk to the

individual of one fatal cancer approximately every fillion years from trittum production. For an
individual living within 80 kilometers (50 miles) of Sequoyah 1 or Sequoyah 2, there would be a 2.1 x 10
increased likelihood of a cancer fatality to an individual from a design-basis accident as a result of tritium
production. Statistically, this equates to a risk to an individual of one additional fatal cancer approximately
every_490million years from tritium production. For a beyond design-basis accident (an accident that has a
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probability of occurring approximately once in §
million years or less), tritium production woulg
result in small changes in the consequences of
accident. This is due to the fact that the potent|
consequences of such an accident would
dominated by radionuclides other than tritium.

Transportation

WMDOE takes many precautions to ensure the safe
il transportation of both its radioactive and
enonradioactive shipments. These precautions satisfy
U.S. Department of Transportation Regulations, NRC
regulations, and DOE Orders. DOE would use Type
A packages to transport materials with relatively Ipw
éf\evels of radioactivity and Type B packages |to
ransport materials with the highest levels |of
radioactivity. Type A packages are designed @nd
tested to protect and retain their contemder normal
transportation conditions. They are tested to surJive

Transportation Tritium production at either Watts
Bar 1, Sequoyah 1, or Sequoyah 2 would necessigt
additional transportation to and from the react
plants. Most of the additional transportation wou

involve nonradiological materials. Impacts would &
water spray, dropping during handling, compressipn

limited to toxic vehicle emissions and traffig
by other packages, and penetration by falling objefts.

fatalities. At each of these reactors, t |
transportation risks would be less than one fatalfly Type B packages are designed to protect and retain
their contents in both normal and severe accident

per year. Radiological materials transportatiq |

impacts would include routine and accidental dosfisconditions. Inaddition, the U.S. Department

of radioactivity. The risks associated witlll Transportation has stringent routing requirements for
radiological materials transportation would be legs :Egsﬁns]ziﬁ???;ﬁéi:gizetfgﬂ::grelgftip;\i:?eedreSSL ﬁ'g”g
than one fatality per 100,000 years. interstate highways unless the state has designated a
preferred alternative, and using beltways around cifies
where possible. The following are a few of the key
safety measures the CLWR project will take to engure
@afe shipment.

=N

Bellefonte 1 and 2.Because neither Bellefonte 1 o
Bellefonte 2 are currently operating, this El
assesses the impacts of completing construction 3
operating these units for trittum productio
Consequently, environmental impacts would occ
in the following resources: visual resources, wat
use, biotic resources, socioeconomics, radiati
exposure (worker and public), spent fuel generatig
and low-level radioactive waste generation. Tritiu
production would also change the accident a
transportation risks associated with these reacto

» The fuel assemblies with the inserted TPBARSY (or
the TPBARs themselves) would be transported to
the selected reactor(s) according to the fuiel
manufacturer’s current operating practices. The
nuclear containers used for fresh fuel shipmgent
would be NRC-certified Type A packagesl due
to security requirements would have an escorf.

|
1O
» The transportation of irradiated TPBARS entajls
very stringent safety measures established byf the
NRC, the U.S. Department of Transportation, gnd
DOE. TPBARs would be transported from the
f  reactors to DOE’s Savannah River Site in Type B
packages that meet the NRC’s stringent fest
requirements.

During operations, Bellefonte 1 and 2 woul
produce vapor plumes from cooling towers th
would be visible up to 10 miles away. These plum
could create an aesthetic impact on the towns
Pisgah, Hollywood, and Scottsboro, Alabama.

During operation, Bellefonte 1 and 2 each would ufe
less than 0.5 percent of the river flow fro
Guntersville Reservoir and would not have a
adverse impacts on other users. Discharges from
plants would be treated and monitored before rele
and would comply with NPDES permits. Impact
on water quality would be minimal, and no standard
would be exceeded as a result of Bellefonte

operations Operation of either Bellefonte 1 or both Bellefonte 1 and 2 for tritium production would have some
effects on ecological resources typical to the operation of a nuclear power plant, regardless of tritium
production. Impacts on ecological resources from the operation of Bellefonte 1 or both Bellefonte 1 and 2

» Low-level radioactive waste would be transported
in either certified Type A or Type B packages,
depending on the level of the radioactivity of the
contents.
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would result from radioactive and nonradioacti

emissions of air pollutants to the atmosphere; ther

chemical and radioactive effluent releases to surf
waters; increases in human activity; and increaseq
noise levels. These impacts would be sm;
considering that the units would operate in complian
with all Federal, state, and local
specifically promulgated to protect environment;
resources. The estimated radiological doses
terrestrial and aquatic organisms are well below lev
that could have any impact on plants or terrestrial a
aguatic animals at the site. Other
environmental impacts on the aquatic ecosystem
Guntersville Reservoir due to operation of t
Bellefonte units would include fish losses at the cooli
water intake screens, almost total loss of unscree
entrained organisms, and effects of thermal a

chemical discharges. The effects of both thermal g d
as thegge

chemical discharges would be small,
discharges wouldomply with NPDES limitations.

Socioeconomicduring operations, approximately 80(
direct jobs would be created at Bellefonte 1, along wi
approximately an equal number of indirect jobs. T
total new jobs (approximately 1,600) would cause t
regional economic area unemployment rate to decre|
to approximately _6.2 percent. Public finance

expenditures/revenues would decline from the levglls

achieved during construction, but would remain 10
15 percent higher than they would be otherwise |
Scottsboro and 5 to 10 percent higher in Jacksy
county. Housing prices would decline and could f ‘
below the precompletion prices, depending on hg
much new construction of permanent housing to ‘
place during the completion period and how maig
construction workers chose to remain in the area orf§
construction was completed. If Bellefonte 2 were al |
completed, a total of approximately 1,000 direct jol ‘
would be created along with approximately 1,008
indirect jobs.

Radiation ExposureReactor operations to product
tritium would cause worker radiation exposure
increase from O to approximately 10tllirem per year.
This resultant dose would be well within regulato
limits of 5,000 millirem per year. Radiation exposu
to the maximally exposed individual from norma
operations would increase from Q_to Orillirem. The
total dose to the population within 80 kilometers
(50 miles) would increase from approximately O to
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possibgEe

‘ failure of the tank or associated piping.

s@PBAR—-Handling Accident The postulated TPBAR

Accident Scenarios

elhe accident analysis assessment considers a spe
rPf potential accident scenarios. The range of accids
considered includes reactor design basis accide
nonreactor design basis accidents, TPBAR-hand
accidents, transportation cask-handling accidents, 4§
beyond design basis accidents (i.eeveye reactor
accidents).

Reactor Design basis Acciden reactor design basis
accident is designated a Condition IV occurren
Condition IV occurrences are faults that are n
expected to take place, but are postulated because
fhave the potential to release significant amounts

d Nonreactor Design basis AcciderA nonreactor design
basis accident is designated a Condition Ill occurren
The consequences of a Condition IIl occurrence wd
be less severéan those of a Condition IV occurrenc
The release of radioactivity would not be sufficient
interrupt or restrict public use of those areas beyond
exclusion area. The postulatadnreactor design basi
accident is an unexpected, uncontrolled release ofj
gases contained in a single gas decay tank due td

handling accident scenario postulated that a TPB
assembly containing 24 TPBARs was dropped
during the TPBAR consolidation process. T
tevaluation postulated that all TPBARs would
nunprotected and would breach when they impacted
spent fuel pool floor.

Transportation Cask—Handling AccidentScenarios
include loading a truck cask under water in the sp
fuel pool cask loading pit with a single TPBA
eonsolidation container containing a maximum of 2|
TPBARs, and loading a rail cask under water in
spent fuel pool cask loading pit with 3 to 12 TPB
consolidation containers.

Beyond Design Basis AccidenThe beyond desigm

basis accident is limited to severe reactor accide
Severe reactor accidents are less likedgrt reactor
design basis accidents; however, the consequenc
these accidents could be more serious if no mitigal
actions were taken. In the reactor design b3

accidents, the mitigative systems are assumed t

| available. The beyond design basis accidents analy
are reactor core disruptive accidents with containm
failure or bypass.
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Summary

approximately 2.person-rem per year for Bellefonte 1. If Bellefonte 2 were also operating, this dose would
be approximately 4.6erson-rem per year. Statistically, this equates to one fatal cancer approximately every
435years from the operation of Bellefonte 1 and 2.

Spent Fuel Generatioiven production of the maximum amount of tritium in the average 18-month fuel
cycle, spent fuel generation would increase from 0 up to a maximum of 141 spent fuel assemblies (i.e., 69 fuel
assemblies over the normal refueling size). Because this EIS assumes that long-term spent fuel storage would
take place at each of the reactor plants, a dry cask spent fuel storage facility could eventually be needed to store
the additional assemblies. The impacts of storing the spent fuel ircagkrgpent fuel storage facility are
described above for the existing operating reactor plants. As previously mentioned, appropriate NEPA
documentation would be prepared before the construction of a dry cask spent fuel storage facility.

Low-Level Radioactive Waste Generatiodompared to the No Action Alternative, reactor operation to
produce tritium at Bellefonte 1 or Bellefonte 2 would generate approximately 40 cubic meters (80 cubic meters
for both units) of low-level radioactive waste. This quantity would be a small fraction of ttié tzaphcity

at the Barnwell disposal facility or the Savannah River Site’s low-level radioactive waste disposal facility.

Accident RisksCompared to the No Action Alternative, there is a significant change in potential risks from
tritium production. Risks due taccidents would increase during the construction and operation of
Bellefonte 1 and 2, and during the operation of these units for production of tritium. Similar to Watts Bar 1
and Sequoyah 1 and 2, the potential impacts from the accidents at Bellefonte 1 or Bellefonte 2 were determined
using computer modeling. If a limiting design-basis accident occuritegntproduction would increase the
individual risk of a fatal cancer by 8.0 x ¥0additional fatal cancers to an individual living within

80 kilometers (50 miles) of the units. Statistically this means that, for one individual, one fatal cancer would
occur approximately every 1.3 billigrears from tritium production at Bellefonte. If a beyond design-basis
accident occurred (aaccident that has a probability of occurring approximately once in a million years or
less), tritium production would inease the risk of a fatal cancer by 0.00010 additional fatal cancers to an
individual living within 80 kilometers (50 miles) of the Bellefonte Nuclear Plant.

Transportation Tritium production at either Bellefonte 1 or 2 would necessitate transportation of workers,
construction material, and radiological and nonradiological material to and from the reactor plants. Most of
the additional transportation would involve nonradiological materials. Impacts of this transportation are
limited to toxic vehicle emissions and traffic fatalities. For Bellefonte 1 or 2, the transportation risks would
be significantly lower than one fatality per year. Radiological materials transportation impacts would occur
as a result of routine and accidental doses. In all instances the risks associated with radiological materials
transportation would be less than one fatality per 100,000 years.
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Table S-2

Summary of Environmental Consequences for the CLWR Reactor Alternatives

Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

No Action

All Resource/Material Categories

No construction or operational changeg.

Reactor unit continues togutuce
electricity. No change in environmental
impacts.

No construction or operational cha
Reactor units continue to @iluce
electricity. No change in environme
impacts.

ges. No construction or operational
Reactor units remain uncompleted. Nog
htal

change in environmental impactg.

chang

Annual Tritium Production

Land Resources
Land Use

Visual Resources

Construction:Potential land disturbancg
- 5.3 acres for dry cask ISFSI if
constructed.

Operation:Potential permanent land
requirement - 3.1 acres for an ISFSI if
constructed.

Construction and OperatioNlo
additional impact to visual resources.

Construction:Potential land disturbancg
- 5.47 acres for ISFSI if constructed.

Operation:Potential permanent land
requirement - 3.2 acres for an ISFSI iff
constructed.

Construction and OperatioNlo
additional impact to visual resources.

Construction:Potential land disturbancd
- 4.9 acres for ISFSI if constructe
additional land for support buildings.

Operation:Potential permanent land
requirement - 3.4 acres for an ISF
constructed and additional land for
support buildings.

Construction:No additional impact to
visual resources.

Operation: Cooling towervapor plumes
would be visible up to 10 miles away.

i and

5| if

Noise

Construction:No change from current
levels. Small impacts if an ISFSI is
constructed.

Operation:No change from current
levels.

Construction:No change from current
levels. Small impacts if an ISFSI is
constructed.

Operation:No change from current
levels.

Construction:No change from current
levels except for construction veh
traffic. Small impacts if an ISFSI is
constructed.

Operation:Increase in noise levelsom
50 dBA (decibels A-weighted) to

51 dBA at nearest receptor. Increase i
traffic noise onsite access roads from
50 dBA to 57 dBA due to commuter

cle

traffic and truck deliveries.
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Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

Air Quality
Nonradioactive Emissions

Construction:No change from current
air quality conditions. Small impacts if
ISFSI is constructed.

Operation:No change from current air
quality conditions.

Construction:No change from current
air quality conditions. Small impacts
ISFSI is constructed.

Operation:No change from current air
quality conditions.

Construction:Potential temporary dust
if emissions during construction. Sr
impacts if ISFSI is constructed.

Operation: The increase in
nonradioactive air pollutant

concentrationsvould be well within

established standards.

nall

Air Quality
Radioactive Emissions

Construction:No radioactive emissions.

Operation:Given 1,000 TPBARs, the
maximum potential increase in annual
radioactive emissions of tritium would b
100 Curies; given 3,400 TPBARS,
340 Curies.

Construction:No radioactive emissions.

Operation:Given 1,000 TPBARSs, the
maximum potential increase in anny
e radioactive emissions of tritium woul
100 Curies; given 3,400 TPBARS,
340 Curies.

Construction:No radioactive emissions,

Operation:Given 1,000 TPBARs, the
al maximum potential increase in g
d be radioactive emissions of tritium w

106 Curies; given 3,400 TPBARS,

346 Curies, of which 5.6 Curies would

be from normal operation without tritiun

production. The release of other
radioactive emissions would be

283 Curies.

nnual
ould b

Water Resources
Surface Water

Radioactive Effluent

Construction:No change to current

surface water requirements, discharge,
water quality conditions. Small impacts
if ISFSI is constructed.

Operation:No change to current surfacq
water requirements, discharge, or wate
quality conditions.

Construction:No radioactive_effluents

Operation:Given 1,000 TPBARs, the
maximum potential increase in annual
radioactive tritium effluents would be
900 Curies; given 3,400 TPBARs,
3,060 Curies.

Construction:No change to current
or  surface water requirements, dischg
water quality conditions. Small imp3

if ISFSI is constructed.

e Operation:No change to current surfacq
water requirements, discharge, or
quality conditions.

Construction:No radioactive_effluents

Operation:Given 1,000 TPBARs, the
maximum potential increase in anny
radioactive tritium effluents would be
900 Curies; given 3,400 TPBARSs,
3,060 Curies.

Construction:Potential for increased
rge, or  stormoffat&mall amount of
cts acewvater requirements. Small

impacts if ISFSI is constructed.

e Operation:Increased surface water
ater requirements and discharge. \
usage less than 1 percent of Tennes
River flow per year. All water quality
parameters within establishédhits.

Construction:No radioactive_effluents

Operation:Given 1,000 TPBARs, the
al maximum potential increase in g
radioactive tritium effluents would
1,539 Curies; given 3,400 TPBARS,
3,699 Curies, of which 639 Curies wou
be from normal operation without tritiun
production. The release of other
radioactive effluents would be
1.32 Curies.

Vater
see

nnual
be

d

=
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Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

Groundwater

Construction:No groundwater
requirements or additional impacts to
groundwater quality conditions.

Operation:No groundwater
requirements or additional impacts to
groundwater quality conditions.

Construction:No groundwater
requirements or additional impacts t
groundwater quality conditions.

Operation:No groundwater
requirements or additional impacts {
groundwater quality conditions.

Construction:Groundwater would not b
D used during construction.

Operation:No groundwater
D requirements or additional impagd
groundwater quality conditions.

3%

ts to

Ecological Resources

Construction No additional impacts on
ecological resources. Small impacts if
ISFSI is constructed.

Operation Small or no impacts to
ecological resources from additional
tritium releases.

Construction No additional impacts on
ecological resources. Small impact
ISFSI is constructed.

Operation Small or no impacts to
ecological resources from additional
tritium release.

Construction:Potential impacts to
G if ecological resources due to the
amount of land disturbance. Small
impacts if ISFSI is constructed.

Operation: Additional impacts on
ecological resources including fig
impingement and entrainment of aqy
biota during normal plant operation.
Small impacts to ecological resources
from tritium and other radioactive
releases during normal plant operation

small

atic

o

Socioeconomics

Construction:No measurable impact.

Operation:<1 percent impact on
regional economy.

Construction:No measurable impact.

Operation:<1 percent impact on
regional economy.

Construction:4,500 peak new direct job
due to plant completion. Short-term
increased costs and traffic for local
jurisdictions.

Operation:800 to 1,000 workers per

day. Increase in payment-in-lieu of
to state and local jurisdictions
(approximately $5.5 to $8 million
annually), decrease in the unemploymg
rate (from_8.2percent to approximately
6.2 percent), and minor impacts to schq
resources.

7]

taxes

nt
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Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

Public and Occupational Health and
Safety
Normal Operation

Design-Basis Accident Risks

Annual dose for 1,000 TPBARS:
Workers:Average dose increase by
0.33millirem.

Maximally Exposed IndividuaDose
increase by 0.01Billirem.

50-mile populationDose increase by
0.34person-rem.

Annual dose for 3,400 TPBARSs:
Workers:Average dose increase by
1.1 millirem.

Maximally Exposed IndividuaDose
increase by 0.0f/illirem

50-mile populationDose increase by
1.3 person-rem.

Increased likelihood of a cancer fatal
per year due to tritium production.

For 1,000 TPBARS:
Maximally Exposed Individual:
3.4x10° (1 fatality in_29million
years). T
Average individual in population:
4.0x0% (1 fatality in_2.5billion
years). T
Exposed populatian
0.000074(1 fatality in 13 thousand
years).
Noninvolved worker4.2x10'
(1 fatality in 2.4 billionyears).

ty

Annual dose for 1,000 TPBARS:
Workers:Average dose increase by
0.24millirem.

Maximally Exposed IndividuaDose
increase by 0.01millirem.

50-mile populationDose increase by
0.6person-rem.

Annual dose for 3,400 TPBARSs:
Workers:Average dose increase by
0.82millirem.

Maximally Exposed IndividuaDose
increase by 0.05millirem

50-mile populationDose increase by
_1.@erson-rem.

Increased likelihood of a cancer f3
per year due to tritium production.

For 1,000 TPBARS:
Maximally Exposed Individual :
7.9x10° (1 fatality in_130million
years). T
Average individual in population:
6.1x10' (1 fatality in_1.6 billion
years).
Exposed populatian
0.00015(1 fatality in 6.6 thousand
years).
Noninvolved worker:1.3x10%°
(1 fatality in 7.7 billiogears).

Annual dose for 1,000 TPBARS:
Workers:Average dose increase by
104.33millirem, of which
104 millirem would be from normal
operations without tritium
production.

Maximally Exposed IndividuaDose
increase by 0.26@illirem, of which
0.26 millirem would be from normal
operations without tritium
production.

50-mile populationDose increase by
_1.@erson-rem, of which 1.4 person
rem would be from normal operatior]
without tritium production.

7]

Annual dose for 3,400 TPBARSs:
Workers:Average dose increase by
105.1millirem, of which
104 millirem would be from normal
operations without tritium
production.

Maximally Exposed IndividuaDose
increase by 0.2fillirem.

50-mile populationDose increase by
_2.person-rem.

tality Increased likelibancer fatality

per year due to tritium production

For 1,000 TPBARS:
Maximally Exposed Individual:
3.5x107 (1 fatality in 2.9million
years). T
Average individual in population
2.6x10% (1 fatality in 3.8 billion
years).
Exposed populatian
0.000070(1 fatality in_14 thousand
years).
Noninvolved workerl.2x10'2
(1 fatality in 8®illion years).
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Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

For 3,400 TPBARS:

Involved worker, reactor design-bas
accident:

In the highly unlikely event that
workers are in containment at the
time of the accident they will die dug
to the energy (steam) released to th
containment. Evacuation from
containment is not considered
feasible.

Involved worker, nonreactor design-
basis accident:

In the highly unlikely event that
involved workers are in the
immediate area of a rupture of the
waste gas decay tank or associated
piping, they could be injured by
debris or the stream of gas from the
rupture. In addition, involved
workers could receive a radiation
dose while evacuating the area. If the
accident is initiated by a valve failurg
or human error, the release will be
vented out of the auxiliary building
stack. The involved worker is not at
risk of injury or an additional
radiation dose.

[

37

Maximally Exposed Individual:
1.1x10’ (1 fatality in_9.1million
years). T

Average individual in population:
1.4x10° (1 fatality in_710million
years). T
Exposed populatian

0.00026(1 fatality in_3.8 thousand
years).

Noninvolved workerl.5x10°

(1 fatality in_670million years).

Involved worker: Same as for 1,000
TPBARS.

Involved worker, reactor design-bas
accident:

In the highly unlikely event that
workers are in containment at the
time of the accident they will die dug
to the energy (steam) released to th
containment. Evacuation from
containment is not considered
feasible.

Involved worker, nonreactor design-
basis accident:

In the highly unlikely event that
involved workers are in the
immediate area of a rupture of the
waste gas decay tank or associated
piping, they could be injured by
debris or the stream of gas from the
rupture. In addition, involved
workers could receive a radiation

dose while evacuating the area. If the

accident is initiated by a valve failurg
or human error, the release will be
vented out of the auxiliary building
stack. The involved worker is not at
risk of injury or an additional
radiation dose.

For 3,400 TPBARS:
Maximally Exposed Individual :
2.7x10° (1 fatality in_37million
years). T

Average individual in population:

2.1x10° (1 fatality in_480million
years). T
Exposed populatian
0.00052(1 fatality in_1.9 thousand
years).
Noninvolved worker4.5x10'
(1 fatality in 2.2 billioyears).

Involved worker: Same as for 1,000

[

37

TPBARSs.

Involved worker, reactor design-basjs
accident:

In the highly unlikely event that
workers are in containment at the
time of the accident they will die dug
to the energy (steam) released to th
containment. Evacuation from
containment is not considered
feasible.

Involved worker, nonreactor design-
basis accident:

In the highly unlikely event that
involved workers are in the
immediate area of a rupture of the
waste gas decay tank or associated
piping, they could be injured by
debris or the stream of gas from the
rupture. In addition, involved
workers could receive a radiation
dose while evacuating the area. If the
accident is initiated by a valve failurg
or human error, the release will be
vented out of the auxiliary building
stack. The involved worker is not af
risk of injury or an additional
radiation dose.

11°]

For 3,400 TPBARS:
Maximally Exposed Individual:
3.6x107 (1 fatality in_2.8million
years). T
Average individual in population
8.0x10' (1 fatality in_1.3 billion
years).
Exposed populatian
0.00022(1 fatality in 4.6 thousand
years).
Noninvolved worker4.3x10'2
(1 fatality in 230illion years).

Involved workerSame as for 1,000
TPBARS.
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Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

Beyond Design-Basis Accident Risk

5 Increased likelihood of a cancer fatality
per year due to tritium production.

For 1,000 TPBARS:
Maximally Exposed IndividualDue
to accuracy limitations in the accident
analysis computer code, the
incremental risk of tritium production
is not discernable from the risk of
operation without tritium production.
Average individual in population:
Due to accuracy limitations in the
accident analysis computer code, the
incremental risk of tritium production
is not discernable from the risk of
operation without tritium production.
Exposed populatian
Due to accuracy limitations in the
accident analysis computer code, the
incremental risk of tritium production
is not discernable from the risk of
operation without tritium production.

Noninvolved workerNot applicable.
Noninvolved worker has evacuated

warning to noninvolved worker is at
least one hour before a release.
Involved worker: Most of the
postulated accident sequences havd

the containment before there is a
radioactive release to the
containment. If the accident
sequence is initiated by a large breal
loss-of-coolant accident or another
high energy release mechanism,
workers in containment will die due
to the energy (steam) released to th
containment. Evacuation from
containment is not considered
feasible during a high energy steam
release accident scenario.

~

37

the plant before a release. Evacuation

adequate time for workers to evacudte

Increased likelihood of a cancer fatality
per year due to tritium production.

For 1,000 TPBARS:
Maximally Exposed Individual Due
to accuracy limitations in the accident
analysis computer code, the
incremental risk of tritium production
is not discernable from the risk of
operation without tritium production.
Average individual in population:
Due to accuracy limitations in the
accident analysis computer code, the
incremental risk of tritium production
is not discernable from the risk of
operation without tritium production.
Exposed populatianDue to accuracyf
limitations in the accident analysis
computer code, the incremental risk
of tritium production is not
discernable from the risk of operatio
without tritium production.

=)

Noninvolved workerNot applicable.
Noninvolved worker has evacuated

warning to noninvolved worker is at
least one hour before a release.
Involved worker: Most of the
postulated accident sequences havd

the containment before there is a
radioactive release to the
containment. If the accident
sequence is initiated by a large breal
loss-of-coolant accident or another
high energy release mechanism,
workers in containment will die due
to the energy (steam) released to th
containment. Evacuation from
containment is not considered
feasible during a high energy steam
release accident scenario.

~

37

the plant before a release. Evacuation

adequate time for workers to evacudte

Increased likelihood of a cancer fatality]
per year due to tritium production.

For 1,000 TPBARs:
Maximally Exposed Individual:
3.3x10° (1 fatality in 30 million
years).

Average individual in population:
1.4x10% (1 fatality in 7.1 billion
years).

Exposed populatian
0.00017 (1 fatality in 5.8 thousand
years).

Noninvolved worker:Not applicable.
Noninvolved worker has evacuated
the plant before a release. Evacuat
warning to noninvolved worker is at
least one hour before a release.
Involved worker: Most of the
postulated accident sequences havs
adequate time for workers to evacug
the containment before there is a
radioactive release to the
containment. If the accident
sequence is initiated by a large bred
loss-of-coolant accident or another
high energy release mechanism,
workers in containment will die due
to the energy (steam) released to th
containment. Evacuation from
containment is not considered
feasible during a high energy steam
release accident scenario.

\te
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Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

For 3,400 TPBARS:
Maximally Exposed Individual:
1.0x10% (1 fatality in 10 billion
years).
Average individual in population:
1.0x10" (1 fatality in 100 billion
years).
Exposed populatian
0.000011 (1 fatality in 88 thousand
years).
Noninvolved worker:Same as for
1,000 TPBARSs.
Involved worker: Same as for 1,000
TPBARSs.

For 3,400 TPBARS:
Maximally Exposed Individual :
1.0x10% (1 fatality in 10 billion
years).
Average individual in population:
1.1x10% (1 fatality in 9.1 billion
years).
Exposed populatian
0.00014 (1 fatality in 7.1 thousand
years).
Noninvolved worker Same as for
1,000 TPBARSs.
Involved workerSame as for 1,000
TPBARSs.

For 3,400 TPBARS:
Maximally Exposed Individual:
3.3x10° (1 fatality in 30 million
years).
Average individual in population:
1.5x10% (1 fatality in 6.6 billion
years).
Exposed populatian
0.00018 (1 fatality in 5.5 thousand
years).
Noninvolved workerSame as for
1,000 TPBARSs.
Involved workerSame as for 1,000
TPBARSs.

Waste Management

Construction:Potential non-azadous
waste if an ISFSI is constructed.

Operation:Low-level radioactive waste
increase by approximately 0.43 cubic
meters per year. Other waste types
would be unaffected by tritium
production.

Construction:Potential non-azadous
waste if an ISFSI is constructed.

Operation:Low-level radioactive waste
increase by approximately 0.43 cub
meters per unit per year. Other wa
types would be unaffected by tritium
production.

Construction:Minor amounts of non-

dbasaronstruction material waste
generated during the completion of the
plant. Potential nondradous waste if
an ISFSI is constructed.

Operation:Low-level radioactive waste
C increase by approximately 41 cu
Ste meters per unit per year, of wh

cubic meters would be from normd
operations without tritium production.

bic
ch 40

Spent Nuclear Fuel Management

Operation:No increase if less than
2,000 TPBARSs are irradiated. If
3,400 TPBARs are irradiated, the
amount of spent fuel generated would
increase by a maximum 66 fuel
assemblies per fuel cycle.

Operation:No increase if less than
2,000 TPBARSs are irradiated. If
3,400 TPBARs are irradiated, the

amount of spent fuel generated wol
increase by a maximum of 60 fuel
assemblies per fuel cycle.

Operation: The amount of spent fuel

would increase from 0 to approximately

72 spent fuel assemblies for less
Id 2,000 TPBARs. For 3,400 TPB
amount of spent fuel generation col
increase from 0 to a maximum of
spent fuel assemblies per fuel cycle, of
which 72 would be from normal
operation without tritium production.

than
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Transportation

The risk associated with radiological
materials transportation would be less
than one fatality per 100,000 years.

The risk associated with radiological
materials transportation would be Ig
than one fatality per 100,000 years.

The risk associated with radiolog
Ss materials transportation would &
than one fatality per 100,000 ye
Traffic volumes on local roads could
increase during construction and
operations.
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Resource/Material Categories

Watts Bar 1

Sequoyah 1 or Sequoyah 2

Bellefonte 1 or Bellefonte 2

Fuel Fabrication

Not applicable for the reactor site.

Not applicable for the reactor site.

Not applicable for the reactor site).

Decontamination and
Decommissioning

Decontamination and decommissioning
would be required but not because of
tritium production.

tritium production.

Decontamination and decommissiofing
would be required but not because pf

discussion on impacts from
decontamination and decommissioning,
see Section 5.2.5.

Decontamination and decommig
would be required. For a genen

License Renewal

Licensing renewal would be required.
For a generic discussion on impacts fro
licensing renewal, see Section 5.2.4.

m

Licensing renewal would be requireql.
For a generic discussion on impacts$ from
licensing renewal, see Section 5.2.4.

Licensing renewal would not be
required.

MEI = Maximally Exposed Offsite Individual
ISFSI = Independent Spent Fuel Storage Installation

sionin|
[
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Table S-3 Summary Comparison of Environmental Impacts Between CLWR Reactor Alternatives and the APT

Resource/Material

Watts Bar 1 or Sequoyah 1 or

CLWR No Action

Categories Sequoyah 2 Bellefonte 1 or Bellefonte 1 and Bellefonte 2 (APT at the Savannah River Site)
Land Resources
Land Use Construction:Potential land requirement—| Construction:Potential land requirement—4.9 Construction and Operatior250 acres of land

Visual Resources

5.3 acres (Watts Bar) or 5.47 acres
(Sequoyah) of previously disturbed
industrial land for a dry cask ISFSI if
constructed.

Operation: Potential permanent land
requirement - 3.1 to 3.2 acres, respectively
of previously disturbed industrial land for al
ISFSI if constructed.

Construction and OperatioNlo additional
impact to visual resources.

acres of previously disturbed industrial land f
an ISFSI, if constructed, and additional smal
amounts of land for support buildings.

Operation:Potential permanent land
, requirement - 3.4 acres of previously disturbg
hindustrial land for an ISFSI, if constructed, arf
additional small amounts of land for support
buildings.

Construction:No additional impact to visual
resources.

Operation:Vapor plumes under certain
meteorological conditions would be visible uf
to 10 miles away.

prconverted to industrial use. Additional lands
for new roads, bridge upgrades, rail lines, an
construction landfill. Additional 12 acres
required for modular design, if selected.
Additional land required for electric power
generating facility, if constructed (e.g., 110
tdacres for a natural gas-fired facility and 290
dacres for a coal-fired facility).

o

Construction:No additional impact to visual
resources.

Operation:Vapor plumes under certain
meteorological conditions would be visible.

Noise Construction:No change from current Construction:No change from current levels | Construction:No change from current levels
levels. Small impacts if an ISFSI is except for construction vehicle traffic. Small | except for construction vehicle traffic.
constructed. impacts if an ISFSI is constructed.

Operation:Increase in noise emissions from | Operation:Increase in noise emissions from
Operation:No change from current levels. | the plant from 50 dBA to 51 dBA at nearest | the new APT facility, electric power generatirjg
receptor. Increase in traffic noise on site accesfcility (if constructed), and support facilities.
roads from 50 dBA to 57 dBA due to
commuter traffic and truck deliveries.
Air Quality
Non-radiological Construction:No change from current air | Construction:Potential temporary dust Construction:Potential temporary dust
Emissions quality conditions. Small impacts if an ISF$lemissions during construction. Small impactg iEmissions during construction.

is constructed.

Operation:No change from current air
quality conditions.

an ISFSI is constructed.

Operation: The increase in nonradioactive
emissions would be within established
standards.

Operation: The increase in nonradiological

emissions would be within standards. Large
increase in carbon dioxide emissions from any
electric power generating facility.
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Resource/Material
Categories

Watts Bar 1 or Sequoyah 1 or
Sequoyah 2

Bellefonte 1 or Bellefonte 1 and Bellefonte 2

CLWR No Action
(APT at the Savannah River Sitt)

Radioactive Emissiong

Construction:No radiological emissions.

Operation:Given 1,000 TPBARs, the
maximum potential increase in annual
radioactive emissions of tritium would be
100 Curies; given 3,400 TPBARS,

340 Curies.

Construction:No radiological emissions.

Operation:Given 1,000 TPBARs, the
maximum potential increase in annual
radioactive emissions of tritium would be 106
Curies; given 3,400 TPBARSs, 346 Curies, of
which 5.6 Curies would be from normal
operation without tritium production. The
release of other radioactive emissions would
283 Curies.

Construction:No radiological emissions.

Operation: The maximum potential increase i
annual radioactive emissions of tritium would
be 30,000 Curies in oxide form and 8,600

Curies in elemental form. The release of othg

Potential for an additional 2,000 Curies from

belectric power generating facility if power is
acquired through market transaction (APT
Final EIS p. C-46 & Draft EIS p. 4-80).

radioactive emissions would be 2,250 Curieq.

h

=

Water Resources
Surface Water

Construction:No change to current surface|
water requirements, discharge, or water
quality conditions. Small impacts if an ISF
is constructed.

Operation:No change to current surface
water requirements, discharge, or water
quality conditions.

Construction:Potential for increased storm
water runoff. Small amount of sade water
blrequirements. Small impacts if an ISFSI is

constructed.

Operation:Increased surface water
requirements and discharge. Water usage le
than 1 percent of Tennessee River flow per
year. All water quality parameters within
established limits.

Construction:Increased storm water runoff
and impacts from dewatering. Surface water
requirements.

Operation:Increased surface water
bsrequirements and discharge. Potential for
additional water requirements from an electri
power generating facility, if constructed—4.7
billion gallons per day (coal-fired) and
1.4 billion gallons per day (natural gas-fired)
All water quality parameters within establishd
limits (APT Draft EIS p. 4-81).

d

Water Resources
Radioactive Effluent

Groundwater

Construction:No radiological effluent.

Operation:Given 1,000 TPBARSs, the
maximum potential increase in annual
radioactive emissions of tritium would be
900 Curies; given 3,400 TPBARs, 3,060
Curies.

Construction and OperatioNlo
groundwater requirements or additional
impacts to groundwater quality conditions.

Construction:No radiological effluent.

Operation:Given 1,000 TPBARSs, the
maximum potential increase in annual
radioactive emissions of tritium would be 1,5
Curies; given 3,400 TPBARs 3,699 Curies, O
which 639 Curies from normal operation
without tritium production. The release of oth
radioactive effluents would be 1.32 Curies.

Construction:Groundwater would not be used
during construction.

Operation:No groundwater requirements or
additional impacts to groundwater quality

Construction:No radiological effluent.

Operation: The maximum potential increase i
annual radioactive tritium effluents would be
BB,000 Curies and 0.0031 Curies from other
f radioactive emissions. Potential for an
additional 19,000 Curies from the electric
empower generating facility if power is acquired
through market transaction (APT Final EIS
p. C-43 & Draft EIS 4-80).

Construction:Due to below-ground
construction of the APT, groundwater would
be withdrawn and discharged to surface wat

Operation:Potential for a 6,000 gallons per
minute withdrawal of groundwater for APT

=

conditions.

cooling water (APT Draft EIS p. 4-3).
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Resource/Material
Categories

Watts Bar 1 or Sequoyah 1 or
Sequoyah 2

Bellefonte 1 or Bellefonte 1 and Bellefonte 2

CLWR No Action
(APT at the Savannah River Site)

Ecological Resources

Construction:No additional impacts on
ecological resources. Small impacts if an
ISFSI is constructed.

Operation: Small or no impacts to ecologic
resources from tritium production.

Construction:Potential impacts to ecological
resources due to the small amount of land
disturbance. Small impacts if an ISFSI is
constructed.

al Operation:Impacts on ecological resources,

aquatic biota during normal plant operation.
Small impacts to ecological resources from

tritium and other radioactive releases during
normal plant operations.

including fish impingement and entrainment ¢fincluding fish impingement and entrainment

Construction:Potential impacts to ecological
resources due to land disturbance.

Operation:Impacts on ecological resources,

aquatic biota during normal plant operation.
Small impacts to ecological resources from
tritium and other radioactive releases during
normal operations. Potential additional impa
on ecological resources from electric power
generating plant, if constructed.

Cts

Socioeconomics

Construction:No measurable impact.

Operation:less than 1 percent impact on
regional economy.

Construction:4,500 peak new direct jobs due
to plant completion. Short-term increased co
and traffic for local jurisdictions.

Operation:800 to 1,000 workers per day.
Increase in payment-in-lieu of taxes to state
local jurisdictions (approximately $5.5 to $8
million annually), decrease in the
unemployment rate (from 8.2 percent in 1997
to approximately 6.2 percent), and minor

Construction:1,400 peak new direct jobs.
stShort-term increased costs and traffic for loci

jurisdictions. Additional 1,100 peak jobs

associated with new electric power generatin

facility, if constructed (APT Draft EIS p. 4-80).

Operation:500 workers per day. Increase in

hnphyment-in-lieu of taxes to state and local
jurisdictions, decrease in the unemployment
rate, and minor impacts to school resources.
Additional 200 jobs associated with new
electric power generating facility, if

impacts to school resources.

=B

«Q

constructed (APT Dratft EIS p. 4-80).
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Resource/Material

Watts Bar 1 or Sequoyah 1 or

CLWR No Action

Categories Sequoyah 2 Bellefonte 1 or Bellefonte 1 and Bellefonte 2 (APT at the Savannah River Sitt)
Public and
Occupational Health
and Safety Annual dose for 1,000 TPBARSs: Annual dose for 1,000 TPBARSs: Annual dose

Normal Operation

Workers Total dose - 112.35 person-rem
(Watts Bar) and 132.35 person-rem
(Sequoyah).

Maximally Exposed IndividuaDose
increase by 0.013 millirem (Watts Bar) and
0.017 millirem (Sequoyah).

50-mile populationDose increase by 0.34
person-rem (Watts Bar) and 0.60 persont
rem (Sequoyah).

Annual dose for 3,400 TPBARSs:
Workers Total dose 113.2 person-rem
(Watts Bar) and 133.2 person-rem
(Sequoyah).

Maximally Exposed IndividuaDose
increase by 0.05 millirem (Watts Bar) and
0.057 millirem (Sequoyah).

50-mile populationDose increase by
1.2 person-rem (Watts Bar) and 1.9
person-rem (Sequoyah).

Workers Total dose—112.35 person-rem p
unit; 112 person-rem per unit from normal
operations without tritium production.
Maximally Exposed IndividuaDose
increase by 0.263 millirem per unit, of whic
0.26 millirem per unit would be from normal
operation without tritium production.
50-mile populationDose increase by 1.6
person-rem per unit, of which 1.4 person-re
per unit would be from normal operation
without tritium production.

Annual dose for 3,400 TPBARSs:

Workers Total dose—113.2 person-rem;
112 person-rem from per unit normal
operations without tritium production.
Maximally Exposed IndividuaDose
increase by 0.28 millirem per unit, of which
0.26 millirem per unit would be from normal
operation without tritium production.
50-mile populationDose increase by 2.3
person-rem per unit, of which 1.4 person-re
per unit would be from normal operation
without tritium production.

er

m

m

Workers Total dose - 72 person-rem (APT
Draft EIS p. 4-39).

Maximally Exposed IndividuaDose
increase by 0.053 millirem (APT Final EIS
p. C-52).

50-mile populationDose increase by 3.1
person-rem (APT Final EIS p. C-52).
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Resource/Material
Categories

Watts Bar 1 or Sequoyah 1 or
Sequoyah 2

Bellefonte 1 or Bellefonte 1 and Bellefonte 2

CLWR No Action
(APT at the Savannah River Sitt)

Design-Basis Accident
Risks

Increased likelihood of a cancer fatality pe
year due to tritium production.

For 1,000 TPBARS:
Maximally Exposed IndividuaB.4 x 1¢?
(1 fatality in 29 million years - Watts Bar)
and 7.9 x 18 (1 fatality in 130 million
years - Sequoyah).
Average individual in population:
4.0 x 10" (1 fatality in 2.5 billion years -
Watts Bar) and 6.1 x 78 (1 fatality in
1.6 billion years - Sequoyah).
Exposed populatior.000074 (1 fatality
in 13 thousand years - Watts Bar) and

0.00015 (1 fatality in 6.6 thousand years).

Noninvolved worker4.2 x 10° (1 fatality
in 2.4 billion years - Watts Bar) and

1.3 x 10 (1 fatality in 7.7 billion years -
Sequoyah).

For 3,400 TPBARS:
Maximally Exposed Individualt.1 x 1¢
(1 fatality in 9.1 million years - Watts Bar
and 2.7 x 18 (1 fatality in 37 million
years - Sequoyah).
Average individual in population:
1.4 x 10° (1 fatality in 710 million years -
Watts Bar) and 2.1 x 70 (1 fatality in
480 million years - Sequoyah).
Exposed populatior.00026 (1 fatality in
3.8 thousand years - Watts Bar) and

0.00052 (1 fatality in 1.9 thousand years).

Noninvolved workerl.5 x 10° (1 fatality
in 670 million years - Watts Bar) and
4.5 x 10" (1 fatality in 2.2 billion years -
Sequoyah).

Increased likelihood of a cancer fatality per
year due to tritium production.

For 1,000 TPBARs:
Maximally Exposed IndividuaB.5 x 10
(1 fatality in 2.9 million years).

Average individual in populatior2.6 x 10
(1 fatality in 3.8 billion years).

Exposed populatior.000070 (1 fatality in
14 thousand years).

Noninvolved workerl.2 x 10" (1 fatality in
830billion years).

For 3,400 TPBARs:
Maximally Exposed IndividuaB.6 x 10
(1 fatality in 2.8 million years).

Average individual in populatior8.0 x 10
(1 fatality in 1.3 billion years).

Exposed populatior0.00022 (1 fatality in
4.6 thousand years).

Noninvolved worker4.3 x 10" (1 fatality in
230 billion years).

Increased likelihood of a cancer fatality per
year due to tritium production.

Design-basis seismic event: 2.6 fatalities ev
2,000 years.

bry
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Resource/Material
Categories

Watts Bar 1 or Sequoyah 1 or
Sequoyah 2

Bellefonte 1 or Bellefonte 1 and Bellefonte 2

CLWR No Action
(APT at the Savannah River Sitt)

Waste Management

Construction:Potential nonazadous waste
if an ISFSI is constructed.

Operation Low-level radioactive waste
increase by approximately 0.43 cubic metg
per unit per year. Other waste types would
unaffected by tritium production.

Construction:Minor amounts of nordzadous
construction material waste generated during
the completion of the plant. Potential for
additional nonhzadous waste material
generated if an ISFSI is constructed.

Operation Low-level radioactive waste
réncrease by approximately 41 cubic meters p
benit per year, of which 40 cubic meters would

be from normal operation without tritium

production. Other waste types would also be
generated due to tritium production.

Construction:30,000 cubic meters of
construction material generated and deposit
in onsite landfill. Potential for additional
nonhazadous waste material generated if ne!
electric power generating facility is
constructed.

Operation:Low-level radioactive waste
erincrease by approximately 1,400 cubic mete
per year. Potential for additional 10,000 unitJ
of nuclear solid waste if power is acquired
through market transaction (APT Draft EIS
p. 4-80). Other waste types would also be
generated due to tritium production and
electric power generation (APT Draft EIS p. 4
26).

=
]

Spent Nuclear Fuel

Operation:No increase if less than 2,000

Operation: The amount of spent fuel would

Operation: Spent nuclear fuel would be

Management TPBARSs are radiated. If 3,400 TPBARs ar¢ increase from 0 to approximately 72 spent fuglgenerated under the market transaction/exis{ing
irradiated, the amount of spent fuel assemblies for less than 2,000 TPBARSs. For| capacity alternative for electric power
generated would increase by a maximum qf 3,400 TPBARs, the amount of spent fuel generation.

60 (Sequoyah), and 56 (Watts Bar) fuel generation could increase from zero to a

assemblies per fuel cycle. maximum of 141 spent fuel assemblies per fuel
cycle, of which 72 would be from normal
operation without tritium production.

Transportation The risk associated with radiological The risk associated with radiological materials Transportation within the Savannah River Sife
materials transportation would be less thanp transportation would be less than one fatality] only.
one fatality per 100,000 years. per 100,000 years. Traffic volumes on local

roads could increase during construction ang
operations.

Fuel Fabrication Not applicable for reactor site. Not applicable for reactor site. Not applicable for APT facility. Yes for

electric-generating facility.

Decontamination and Decontamination and decommissioning Decontamination and decommissioning would Decontamination and decommissioning would

Decommissioning

would be required but not because of tritiu
production.

mbe required. For a generic discussion on
impacts from decontamination and
decommissioning, see Section 5.2.5.

be required.

License Renewal

Licensing renewal would be required. For
generic discussion on impacts from licensi

aLicensing renewal would not be required.
g

renewal, see Section 5.2.4.

Licensing renewal is not applicable.

a

Based on tritium production of 3 kilograms of tritium per year.
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Final Environmental Impact Statement for the Production of Tritium in a Commercial Light Water Reactor

AVAILABILITY OF THE CLWR Final_ EIS

Copies of the CLWR FindtIS may be obtained by calling DOE’s Office
of Defense Programs at 1-800-332-0801.

General questions concerning the NEPA process, under which EIS$ are
prepared, may be addressed to:

Ms. Carol Borgstrom

Office of NEPA Policy and Assistance (EH-42)
U.S. Department of Energy

1000 Independence Avenue, SW

Washington DC 20585

Telephone (202) 586-4600, or leave message at 1-800-472-2756
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